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1. Preface 
 
Already in the beginning of the 20th century, the rotator cuff was recognized as an 
important contributor to normal shoulder function, and tears of the rotator cuff as a possible 
cause of shoulder pain and dysfunction. The classical work of Codman of 1934 (1), which 
was based on the clinical experience of this orthopaedic surgeon, represents an early and 
still pertinent documentation of this knowledge. Since than, our understanding of the 
rotator cuff and its pathologies has been broadened by extensive basic and clinical research. 
With the introduction of new diagnostic methods, including sonography and MRI, 
therapeutic decisions can now be based on visualization of the soft parts of the shoulder. 
Another important development has been the introduction of shoulder arthroscopy. This 
was initially used as a diagnostic method allowing direct visualization of the intraarticular 
structures of the glenohumeral joint, but improvements in technology and surgical skills 
have made it a useful therapeutic tool, and arthroscopic surgery is now widely used in the 
treatment of pathologies of the rotator cuff. 
 
However, in spite of substantial progress in several fields, some important clinical 
questions remain unanswered. The place of the different diagnostic techniques in a 
diagnostic algorithm of rotator cuff pathology is still being discussed. Many of the methods 
currently used in the treatment of rotator cuff tears have never been tested in high-quality 
trials, and consequently, scientific support for therapeutic decisions is weak. Little 
knowledge exists about the natural course of rotator cuff tears, and why some of them are 
asymptomatic while others cause symptoms. The work presented in this thesis is an 
exploration of some of these questions. 
 
Papers I and II deal with diagnostic studies. In Paper I we assessed the early learning curve 
for the detection of full-thickness and partial-thickness tears of the rotator cuff by 
sonography. Results obtained by an orthopaedic surgeon with little sonographic experience 
were compared with surgical findings. In Paper II, our aim was to exclude the effects of 
informational bias on the results of sonographic rotator cuff examination by blinding the 
sonographer for clinical findings. In Paper III we compared the treatment effects of tendon 
repair and physiotherapy for full-thickness tears of the rotator cuff up to 3 cm in diameter 
in a randomized controlled study. Papers IV and V are studies of asymptomatic rotator cuff 
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tears. In Paper IV we performed a sonographic assessment of the prevalence of 
asymptomatic rotator cuff tears in a general population without shoulder problems. In 
Paper V the aim was to isolate tear characteristics associated with symptoms from rotator 
cuff tears by comparing MRI findings from subjects with and without tear symptoms.             
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5. Introduction 
 
5.1 Anatomy of the rotator cuff 
The rotator cuff is composed of four muscles, the subscapularis, the supraspinatus, the 
infraspinatus and the teres minor. From separate origins at the posterior (supraspinatus, 
infraspinatus and teres minor) and anterior (subscapularis) surfaces of the scapula they run 
laterally and fuse together with the articular capsule into a common insertion on the 
tuberosities of the humerus, which is known as the footprint of the rotator cuff (Figure 1) 
(2). 
                                                                                
        
 
Figure 1. Anatomy of the rotator cuff. True lateral (A) and oblique superior view (B) of the 
shoulder. 1 = subscapularis muscle, 2 = supraspinatus muscle, 3 = infraspinatus muscle, 4 = 
teres minor muscle, 5 = coracoid process 6 = long head of the biceps tendon, 7 = acromion 
(Reproduced after permission from 3D anatomy images, Primal Pictures Ltd., 
www.primalpictures.com)                                                 
 
Subscapularis muscle  
The subscapularis forms the most anterior part of the rotator cuff. It arises from the anterior 
surface of the scapula. Its muscle belly runs laterally beneath the coracoid process and 
converges into a tendinous portion at the level of the glenoid, where it also merges with the 
articular capsule. The subscapularis insertion on the lesser tuberosity is comma-shaped, 
with measurements of its maximum superior-to-inferior length varying between studies 
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from 24.3 mm to 40 mm and those of its maximum medial-to-lateral width varying from 16 
mm to 20 mm (3-5). It consists of a purely tendinous and intraarticular upper part and a 
purely muscolocapsular lower part (4). Fibres from the tendinous part extend into the 
bicipital groove, where they join with fibres from the supraspinatus tendon to form the 
floor of the bicipital sheath (2). The subscapularis muscle is innervated by the subscapular 
nerve (C5 – C7). 
 
Supraspinatus muscle  
The supraspinatus muscle lies in the supraspinatus fossa of the scapula and forms the 
superior part of the rotator cuff. It arises from the medial portion and the base of the fossa, 
passes beneath the acromion and converges into a tendinous portion that merges with the 
infraspinatus and the articular capsule at its insertion on the anterior part of the greater 
tuberosity (2). A tendinous slip extends from the anterior-most portion of the supraspinatus 
and contributes to the roof of the bicipital sheath (2). In about 20% of cases this extension 
bridges the bicipital groove and inserts on the lesser tuberosity (6;7). The supraspinatus 
insertion has been found to be triangular, with measurements of its maximum medial-to-
lateral length varying between studies from 6.9 to 12.7 mm and for those of its maximum 
anterior-to-posterior width varying from 12.6 to 25.0 mm (3;7;8). The supraspinatus 
muscle is innervated by the suprascapular nerve (C4 – C6). 
 
Infraspinatus muscle  
The infraspinatus muscle arises from the infraspinatus fossa and from the inferior surface 
of the spine of the scapula. Together with the teres minor muscle it forms the posterior-
inferior part of the rotator cuff. Its distal insertion is on the posterior facet of the greater 
tuberosity, where it merges and overlaps with the fibres of the supraspinatus and the teres 
minor. After removal of overlying tissue and thorough dissection, separate footprint areas 
for each muscle can be defined (4;7). For the infraspinatus, a trapezoidal shaped insertion 
has been found. Close to its insertion the anterior part of the tendon overlaps the 
posterolateral part of the supraspinatus and inserts more laterally and anteriorly on the 
tuberosity (4;7). Measurement results for the insertional footprint of the infraspinatus vary 
between studies from 10.2 to 13.4 mm in the medial-lateral plane and from 16.4 to 32.7 
mm in the anterior-posterior plane (3;7). The infraspinatus muscle is innervated by the 
suprascapular nerve (C4 – C6).  
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Teres minor muscle  
The teres minor arises from the axillary border of the scapula and inserts together with the 
capsule into the inferior facet of the tuberosity. Both functionally and anatomically it is 
intimately associated with the infraspinatus muscle. Its insertional area on the greater 
tuberosity has been found to be 11.4 mm in the medial-lateral plane and 20.7 mm in the 
anterior-posterior plane (3). In contrast to the superior part of the rotator cuff, which inserts 
close to the articular cartilage edge of the humerus (3;8), there is a bare area between the 
cartilage and the medial border of the insertion of the teres minor and the infraspinatus. The 
medial-lateral dimension of the bare area has been found to be 13.9 mm at the most inferior 
aspect of the teres minor insertion (3). The teres minor muscle is innervated by the axillary 
nerve (C4 – C6). 
 
Rotator interval, reflection pulley and long head of the biceps tendon 
Whereas the supraspinatus, the infraspinatus and the teres minor muscles are intimately 
associated to each other, there is a definite interval between the superior border of the 
subscapularis, the anterior border of the supraspinatus and the lateral border of the 
coracoid, the last of which emerges from between the two muscle bellies. This area is 
termed the “rotator interval” (Figure 2).  
 
 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Anatomy of the rotator interval and the biceps outlet. 1 = coracohumeral    
ligament, 2 = superior glenohumeral ligament (Reproduced after permission from (9)). 
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The interval is covered by thin elastic tissue and reinforced on the bursal side by the 
coracohumeral ligament and on the articular side by the fibrous capsule and the superior 
glenohumeral ligament. The coracohumeral ligament has its origin on the dorsolateral 
aspect of the coracoid process, from which it courses laterally, covers the rotator interval 
and envelops the anterior border of the supraspinatus. Towards its insertion on the humerus 
it divides into two bands, one that inserts on the greater tuberosity and the anterior edge of 
the supraspinatus, and the other one on the lesser tuberosity and the superior border of the 
subscapularis. The superior glenohumeral ligament arises from the supraglenoid tubercle in 
the form of an internal thickening of the articular capsule. It crosses the floor of the rotator 
interval and inserts on the lesser tuberosity, where it fuses with the coracohumeral 
ligament. At their insertion the two ligaments, together with fibres from the supraspinatus 
and the subscapularis, form the reflection pulley, a tendoligamentous sling that stabilizes 
the long head of the biceps tendon before it enters the bicipital groove (Figure 2) (2;9-16). 
The long head of biceps originates from the supraglenoid tubercle and the superior glenoid 
labrum and runs laterally beneath the rotator interval. On its way from intra- to 
extraarticular it courses through the pulley and the bicipital groove together with an 
enveloping outpouching of the synovial membrane of the joint (16;17).  
 
Vascular supply and microanatomy of the footprint area  
As tears of the rotator cuff typically begin close to the insertional area of the supraspinatus, 
vascularization and microanatomy of the footprint have been subject for extensive 
investigations. Vascularization of the rotator cuff is performed by branches originating 
from the axillary artery. Vascular supply to the muscle bellies of the rotator cuff is mainly 
given by the suprascapular and subscapular arteries. The tendinous parts of the rotator cuff 
are mainly vascularized by the anterior and posterior circumflex humeral arteries and the 
thoracoacromial and suprahumeral arteries (18;19). Whereas a large number of arterial 
anastomoses occur between muscular vessels and tendon vessels on the subscapularis, 
infraspinatus and teres minor, a critical zone of hypovascularity has been identified on the 
supraspinatus tendon about 1 cm proximal to its insertion on the humerus (18-21). This 
zone corresponds to the convergence zone between ascendant vessels from the 
osteotendinous attachment and vessels descending from the muscle bellies, and coincides 
with the common site of tendon degeneration. Other studies, however, have questioned the 
existence of this critical zone of hypovascularity (22;23). According to these studies the 
critical zone represents a region of hypoperfusion rather than true hypovascularity and can 
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only be demonstrated in the adducted position of the shoulder when the humerus exerts 
upward pressure on the supraspinatus tendon and “wrings out” the vessels in the critical 
zone (22). 
 
Histologic examination of the area just proximal to the insertion of the supraspinatus 
tendon has shown a five-layer structure of the cuff-capsule complex (2). The first, most 
superficial layer consists of fibres of the coracohumeral ligament. The second layer consists 
of large bundles of closely packed parallel tendon fibres coursing from the muscle belly to 
the insertion on the humerus. In the third layer smaller fascicles from the supraspinatus 
intermingle with fibres from the adjacent subscapularis and infraspinatus, forming a 
network where fibres cross each other at an angle of 45º. The fourth layer consists of loose 
connective tissue containing thick bands of collagen fibres. Along the anterior edge of the 
supraspinatus this layer merges with the coracohumeral ligament. The fifth layer is formed 
by the glenohumeral joint capsule (2). In the interval between the fourth and fifth layers, 
about 1.5 cm medial from the insertion of the fibres, a strip of fibrous tissue extends from 
the coracohumeral ligament and runs perpendicular to the long axes of the tendons towards 
the posterior edge of the infraspinatus tendon. This structure is referred to as the rotator 
cable (2;24-26). Together with the area of thinner cuff tissue localized lateral to the cable, it 
has been termed the cable-crescent complex. According to Burkhart et al. (24) the cable 
can have a significant influence on shoulder mechanics by transferring stress from medial 
tendon fibres through the loaded cable to the humerus and by stress-shielding the crescent 
tissues. 
 
Histologic examination of the supraspinatus tendon attachment to bone has shown a 
fibrocartilaginous insertion consisting of tendon, layers of fibrocartilage and calcified 
fibrocartilage, and bone (27). Whereas tendon fibres at the medial part of the footprint 
insert almost perpendicularly into a thick layer of fibrocartilage, insertion is at more acute 
angles into a thinner layer of fibrocartilage laterally. The functional significance of this 
fibrocartilaginous transition zone may be to avoid a direct tendon-to-bone interface and to 
protect the tendon insertion from wear caused by bending and twisting forces (27). 
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5.2 Function of the rotator cuff 
Shoulder function has been described as a perfect compromise between mobility and 
stability (28). Shoulder movement results from the concerted motion of the 
sternoclavicular, acromioclavicular, glenohumeral and scapulothoracic articulations. Large 
ROM is possible because of few bony restraints and a wide glenohumeral joint capsule 
which does not restrict movement until an extreme of motion occurs. Stability at the end-
range of motion is maintained by static stabilizers, including the capsule and the 
glenohumeral ligaments. Mid-range stability is achieved dynamically by muscle activity 
across the joint. The system complex of the shoulder depends on a precisely coordinated 
interaction between muscular and capsuloligamentous structures. A delicate balance exists 
between the opposing forces of agonists and antagonists, which results in net forces of 
motion and stability. The rotator cuff plays an important role in this system, both as a 
mover and as a stabilizer of the shoulder. Individual rotator cuff muscles act as prime 
movers of the glenohumeral joint, and simultaneous activation of the rotator cuff muscles 
contributes to mid- and end-range stability of the glenohumeral joint (29). The relative 
importance of each individual rotator cuff muscle for shoulder motion and stability varies 
according to the position of the glenohumeral joint. 
 
Strength of the rotator cuff 
Analysis of the contribution of each rotator cuff muscle to the overall strength of the rotator 
cuff has been performed isometrically and isokinetically. Isometric strength measurements 
with the arm in neutral abduction and rotation have demonstrated contributions of 53% 
from the subscapularis, 14% from the supraspinatus, 22% from the infraspinatus and 10% 
from the teres minor (30). Isokinetic analysis during abduction and external rotation at 90º 
per second showed an average contribution from the supraspinatus together with the 
infraspinatus of 50% to maximum shoulder abduction torque and 38% to maximum 
external rotation shoulder torque (31).     
 
Active shoulder motion 
The rotator cuff muscles, together with the pectoralis major, the latissimus dorsi, the teres 
major and the three portions of the deltoid, are considered to act as prime movers of the 
glenohumeral joint. The individual contribution of each of the rotator cuff muscles to 
shoulder motion has been investigated in a large number of studies, and inconsistent and 
even contradictory results have been found, especially for the infraspinatus and the 
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subscapularis muscle. This lack of agreement may be due to the fact that most studies were 
performed on cadavers, to technological limitations and/or to substantial differences in 
study protocols. Because of their broad origins, functional differences between the upper 
and lower parts of the subscapularis and the infraspinatus have been discussed: whether the 
upper parts play a more important role as a mover and the lower parts a more important 
role as a stabilizer. 
  
The greatest agreement between studies has been found on the role of the supraspinatus 
muscle during glenohumeral abduction and elevation in the scapular plane (a plane angled 
30° to 45° anterior to the coronal plane). In most studies a large moment arm was 
demonstrated during the lower part of the arc of motion, with decreasing but still 
significant values during the upper part. This reflects the importance of this muscle as an 
initiator of glenohumeral abduction and elevation (32-34). Together with the deltoid, the 
supraspinatus is considered to be the strongest abductor and elevator of the upper extremity 
(33;34). 
 
The subscapularis and the infraspinatus have been shown to have a biphasic function 
during abduction and elevation, with the muscles acting either as movers or depressors 
(stabilizers) depending on the position of the humerus. For the subscapularis, Kuechle et al. 
(33) described a negative moment arm (depressor function) in the initial phase of elevation 
and a positive moment arm (elevator function) in the later phase. This is in contrast to the 
results of Liu et al. (34) who found the subscapularis to have a small but positive moment 
arm up to 60° of elevation, but a neutral or negative moment arm above this value. In 
addition to its action during abduction and elevation, the subscapularis has been shown to 
be the strongest internal rotator of the glenohumeral joint both with the arm abducted or 
adducted (35-37). 
 
As for the subscapularis, conflicting results have been found concerning the biphasic action 
of the infraspinatus during abduction and elevation in the scapular plane. Kuechle et al. 
(33) found a positive elevation moment arm during the first 30° to 50° of motion and a 
negative moment arm above this height, while Liu et al. (34) found a small, positive 
elevation moment arm at 0° that increased at 15° and remained constant until maximal 
elevation was reached. Force analysis during external rotation identified the infraspinatus 
together with the teres minor as the most important external rotators (37;38). 
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Dynamic shoulder stability 
Stability of the glenohumeral joint is critical because of its few static restraints. Static 
stabilizers, including cartilaginous, capsular and ligamentous structures, contribute 
primarily at the end-range of joint motion. Dynamic stability is therefore necessary during 
the mid-range of motion and this can be provided by muscle contraction. Due to its line of 
action close to the rotational centre of the glenohumeral joint, the rotator cuff is in an ideal 
position to act as a dynamic stabilizer. Simultaneous activation of all four rotator cuff 
muscles results in a centrally and inferiorly directed force vector and active compression of 
the humeral head into the glenoid cavity (concavity compression) (39). By counteracting 
the shearing forces from glenohumeral muscles, which have lines of pull that are oblique to 
the plane of the glenoid, the rotator cuff maintains the net force vector across the glenoid 
and resists translation of the humeral head. This means that the glenoid can be used as a 
fulcrum during glenohumeral joint elevation.  
 
EMG has provided important insight into the stabilizing function of the rotator cuff. During 
isokinetic internal and external rotation, EMG registration showed activation of the whole 
rotator cuff prior to the initiation of the actual movement and prior to the onset of activity 
in prime movers such as the deltoid and the pectoralis major. This presetting of the rotator 
cuff prior to movement results in pretension of the glenohumeral joint and confirms the 
role of the rotator cuff as a dynamic stabilizer (40). Furthermore, EMG has demonstrated 
coactivation of both the agonist and antagonist part of the rotator cuff during active rotation 
in the glenohumeral joint. This indicates that the antagonist has a stabilizing function and 
supports the hypothesis that the rotator cuff acts as a force couple around the glenohumeral 
joint (40). A force couple can be defined as a pair of forces which are opposite in direction 
and which act around a joint as centralizers during rotation. Two key force couples are 
described around the glenohumeral joint: 1) the coronal force couple, in which the rotator 
cuff counteracts the upwardly directed shearing component of the deltoid during elevation, 
and 2) the transverse force couple, which provides stability during rotation by the counter 
activity of the lower parts of the subscapularis on one side and of the infraspinatus and the 
teres minor on the other (41). 
 
In addition to its important role in mid-range stability, the rotator cuff also contributes to 
end-range stability. In the position of anterior shoulder instability (abduction, external 
rotation, horizontal abduction), the infraspinatus and the teres minor increase compression 
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forces by pulling the humeral head backwards and tensioning the anterior capsular 
ligaments (29;42). Simulated decrease in infraspinatus muscle activity in a cadaveric model 
with the shoulder in apprehension was found to significantly decrease stabilizing 
compressive glenohumeral joint forces (43). 
 
Although they act primarily as dynamic stabilizers, the rotator cuff muscles also contribute 
as static stabilizers of the shoulder. A weak stabilising effect on the glenohumeral joint 
results from passive muscle tension (the bulk effect). More important is the barrier effect of 
the contracted muscles with the contracted subscapularis muscle acting as a barrier against 
anterior dislocation of the humeral head and the infraspinatus and teres minor acting as 
barriers to posterior translation (44-46).  
 
 
5.3 Tears of the rotator cuff 
Prevalence and pathogenesis 
Tears of the rotator cuff are common. Using sonography, Yamamoto et al. (47) found a 
prevalence of full-thickness tears of 20.7% in the general population with and without 
shoulder problems (mean age 57.9 years). In a literature review of cadaver studies, 
including 2553 shoulders from samples with a mean age of 70.1 years, prevalences of 
11.8% and 18.5% were found for full-thickness and partial-thickness tears respectively 
(48). Sonographic and MRI studies have shown a significant association between 
advancing age and increasing frequency of rotator cuff tears, and that some tears are 
asymptomatic (49-52). 
  
Full-thickness tears are rarely found in individuals under the age of 40, and tendon aging is 
believed to be the most important contributing factor in the pathogenesis of rotator cuff 
tears. Intrinsic and extrinsic mechanisms are thought to be important contributors leading to 
tendon degeneration. Intrinsic tendon injury may occur in the critical zone proximal to the 
cuff insertion on the humerus, where repetitive eccentric, concentric and bending loads on 
tendon fibres during humeral motion, together with relative hypoperfusion, can lead to 
degeneration and ultimately failure of the tendon. Extrinsic injury may occur as a 
consequence of tendon compression against an abnormal coracoacromial arch during 
shoulder motion. Contributing factors include curved and hooked acromial shapes, 
acromial spurring, acromioclavicular osteophytes, tendon and bursal swelling, altered 
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glenohumeral kinematics and postural changes like scapula protraction, all of which lead to 
a narrowing of the functional subacromial space (53-55).   
 
Classification 
As tear characteristics vary widely and influence the prognosis and choice of treatment, 
classification is of importance. Properties of a rotator cuff tear that should be recorded for 
classification are its symptomatic status, whether the tear is full-thickness or partial-
thickness and whether it is acute (traumatic), chronic (atraumatic) or a combination of both 
(acute on chronic). Further a classification has to be based on imaging findings for tear size 
in two planes, tear localisation, the trophic quality of the muscles and of the torn tendon, 
and on the state of the long head of the biceps tendon.  
 
Tear size is measured in the anterior-posterior and medial-lateral plane and is usually 
classified as small (< 1 cm), medium (1-3 cm), large (3-5 cm) or massive (> 5 cm) (56). 
Retraction of the tendon in the medial-lateral plane can be classified according to Patte 
(57). Tear localisation is given in terms of the tendons involved, by differentiating between 
superior tears (affecting the supraspinatus tendon only), superoposterior tears (affecting the 
supraspinatus and infraspinatus tendons) and superoanterior tears (affecting the 
supraspinatus, the rotator interval, the subscapularis and sometimes the long head of the 
biceps) (57;58). Classification of the atrophy of the supraspinatus muscle is performed on 
MRI according to Thomazeau et al. by calculating the occupational ratio of the scapular 
fossa (58) or by using the tangent sign as described by Zanetti et al. (59). Fatty 
degeneration of the rotator cuff muscles is evaluated according to the CT-based 
classification of Goutallier et al. (60). The transferability of this classification to MRI has 
been demonstrated by Fuchs et al. (61). 
  
Clinical aspects 
Clinical findings from a rotator cuff tear vary considerably from shoulder to shoulder. 
Some shoulders with a cuff tear remain asymptomatic, while others show severe pain and 
loss of strength and function. The reason why some tears are, and may remain, 
asymptomatic is not yet understood. The two main complaints by patients with a 
symptomatic rotator cuff tear are shoulder pain and weakness. Findings at clinical 
examination vary depending on tear size and which parts of the rotator cuff are affected. 
Tears of the supraspinatus tendon typically result in a painful arc (62), loss of active 
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shoulder abduction and flexion, weakness on resisted isometric contraction in abduction 
and positive impingement signs (63;64). In addition, superoposterior tears show a loss of 
active range of motion and weakness in external rotation, and a positive lag sign (65). Tears 
of the subscapularis result in a reduced active range of motion and weakness in internal 
rotation, together with a positive lift-off, belly-press and lag sign (66). In many tears a 
shoulder shrug and loss of the physiological humeroscapular rhythm may be observed 
during active abduction and flexion. In long-standing rotator cuff tears, wasting of the 
affected muscle bellies may be seen. 
 
As most of these clinical findings show high specificity together with low sensitivity or 
vice versa, the clinical diagnosis of a rotator cuff tear has to be based on a combination of 
specific physical findings. Combined findings of a weakness in abduction and external 
rotation together with a positive impingement sign have been found to be closely associated 
with the presence of a full- or partial-thickness tear. If only two of the findings were 
present and the patient was aged 60 or older, the predictive value for the combination was 
still significant (67). A close association with the presence of a rotator cuff tear was also 
demonstrated for the combined findings of night pain, a positive impingement sign and 
weakness in external rotation (68). Thus in cases presenting these specific findings the 
diagnosis of a rotator cuff tear can be made with high probability on the basis of patient 
history and physical examination. In the other cases, however, differentiation from other 
shoulder conditions is not possible without supplementary examination by diagnostic 
imaging tests. Visualization of a tear is particularly important in patients who are 
candidates for surgery, when definition of specific tear characteristics is indispensable for 
planning the operative approach.            
 
 
5.4 Diagnostic imaging of the rotator cuff 
Imaging methods used for the assessment of rotator cuff-related pathologies are plain 
radiography, single or double contrast arthrography, sonography, MRI, magnetic resonance 
(MR) arthrography and CT arthrography.   
 
Plain radiography 
Despite its ineffectiveness in detecting soft tissue lesions, conventional radiography should 
be routinely used as a first-step examination in the evaluation of suspected pathology of the 
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rotator cuff. Examination should be performed in three planes, including (1) a true 
anteroposterior view in the plane of the scapula with the arm along the body and in internal 
and external rotation, (2) a 30º degree caudal tilt view and (3) a scapular outlet view. 
Findings of interest are secondary signs of chronic cuff disease such as sclerosis of the 
undersurface of the acromion, traction spurs in the coracoacromial ligament, changes at the 
cuff insertion to the humerus and calcifications in the tendons of the rotator cuff. Large 
rotator cuff tears may lead to cranial dislocation of the humeral head on the glenoid and to 
narrowing of the acromiohumeral interval. Long-standing massive rotator cuff tears can 
result in cuff tear arthropathy with concave remodelling of the acromial undersurface and 
the formation of an acromiohumeral neoarticulation. Further, the shape of the acromion 
(flat, curved, hooked) (54) and the condition of the acromioclavicular joint should be 
determined, as they may influence therapeutic decisions. 
 
Arthrography 
Arthrography was the main method for diagnosing rotator cuff tears until the advent of 
sonography and MRI of the shoulder in the 1990s. Compared with these newer techniques, 
arthrography has the disadvantage of radiation, of being invasive and of not permitting the 
diagnosis of intratendinous or bursal-sided partial-thickness tears. Determination of tear 
size and location is not possible with single-contrast arthrography. Thus today there are few 
indications for conventional arthrography of the shoulder as an isolated investigation, but 
single-contrast arthrography is used as a procedure to prepare the patient for MR 
arthrography. 
 
Sonography 
Performed in real-time with a high-frequency linear array transducer (9-13 MHz), 
sonography permits direct visualization of the soft parts of the shoulder, including the 
rotator cuff and the long head of the biceps muscle. The method is highly effective in 
diagnosing rotator cuff tears and biceps tendon pathologies (69-75) and should be used as 
the initial imaging test when the primary question is one of rotator cuff or biceps tendon 
abnormalities. Sonography provides rapid diagnosis, is widely available, non-invasive and 
non-radiating, allows routine dynamic and bilateral examination and immediate clinical 
correlation, is inexpensive on a per-examination basis and has no known side effects. 
Routine sonographic shoulder examination should be performed according to a 
standardized examination protocol, including five views (anterior transverse and 
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longitudinal, lateral transverse and longitudinal, posterior transverse) together with 
dynamic examination. Standardized diagnostic criteria for rotator cuff tears and biceps 
pathology have been defined (76;77). In operation correlation studies, sensitivities and 
specificities of 90% and more were found for the correct diagnosis of a full-thickness tear 
by sonography (69-75). Measurement of tear size and description of tear localization have 
been performed successfully (68;78). Sonography has proved to be less effective in 
detecting partial-thickness tears, with reported specificities and sensitivities ranging from 
13 to 93% and from 20 to 94% respectively (79-82).  The disadvantages of the method are 
its low diagnostic value for concomitant shoulder abnormalities (labral and capsular tears, 
articular damage), its hands-on aspect, which makes the full diagnostic impact of the study 
only accessible to the executing sonographer, and the lack of a qualitative sonographic 
grading system for muscle atrophy.  
 
MRI 
MRI is the imaging modality that provides the most complete information about the 
shoulder, but it is rarely indicated as a first-line examination for patients with routine 
rotator cuff problems. MRI is indicated as a second-line examination in patients in whom 
the diagnosis is still in doubt after primary clinical, radiographic and sonographic 
evaluation, and in patients who are candidates for tendon repair and for whom additional 
information about muscular atrophy, fatty degeneration, biceps outlet pathology or 
concomitant intraarticular abnormalities is needed. MRI of the shoulder is performed 
according to standardized protocols that usually include three imaging planes (oblique 
sagittal, oblique coronal and axial). It has shown high diagnostic validity for the detection 
of full-thickness tears of the rotator cuff, with a sensitivity and specificity comparable to 
those of sonography (83;84), and for the description of tear characteristics like tear size and 
localization (58;78;85). Success in detecting partial-thickness tears has been shown to be 
lower than for full-thickness tears (80;81;84). MRI is useful in revealing and classifying 
atrophy and fatty degeneration, which can develop in the rotator cuff muscles as a 
consequence of a tendon tear and which are important prognostic factors for tendon repair 
(58;86;87). MRI is contraindicated for patients with a pacemaker, intracranial magnetic 
aneurismal clips, certain neurostimulator and cochlear implants and intraocular metallic 
foreign bodies, and may be difficult to perform in patients with claustrophobia if an open 
MRI machine is not available. 
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If necessary, the accuracy of MRI for the depiction of rotator cuff lesions can be enhanced 
by direct or indirect MR arthrography, especially in cases with suspected articular-sided 
partial-thickness tears, small full-thickness tears, tears of the rotator interval or lesions of 
the biceps outlet. Indirect MR arthrography is performed by injecting contrast 
intravenously and has the advantage of avoiding joint injection. In direct MR arthrography, 
contrast is injected intraarticularly under fluoroscopic guidance, leading to distension of the 
joint capsule and better visualization of subtle lesions of the rotator cuff. Both methods 
have the disadvantage of possible allergic reactions. In addition, direct MR arthrography 
may be complicated by joint infection and post-injection pain.  
 
CT 
CT is mainly used for the diagnosis of bony lesions of the shoulder. However, CT 
arthrography has regained its popularity in some orthopaedic communities as a valuable 
and accurate diagnostic method for the rotator cuff and the biceps tendon. It may be an 
alternative for patients for whom MRI is contraindicated and for those with claustrophobia 
if sonography is not available. 
 
 
5.5 Treatment methods for rotator cuff tears 
As patients with rotator cuff tears present with a wide spectrum of symptoms, tear 
characteristics and physical activity requirements, treatment regimes have to be tailored 
individually. Both conservative and surgical interventions exist. Conservative treatment has 
the advantage of less treatment-related morbidity and interferes less with the patient’s 
activities of daily living, but should only be preferred if the short- and long-term results are 
comparable to those achieved by surgical repair. Conservative treatment is usually based on 
a physiotherapeutic rehabilitation regime, often in combination with one or more of the 
following: local or systemic glucocorticosteroid medication, non-steroidal anti-
inflammatory medication, acupuncture, electrotherapy and therapeutic ultrasound. 
Operative treatment has been performed by anatomical tendon repair using open, mini-
open or arthroscopic techniques. In patients with irreparable defects, palliative surgery such 
as subacromial decompression, tendon debridement, biceps tenotomy or tenodesis, 
synovectomy, partial repair or tendon transfers may be effective. In cases of cuff 
arthropathy, prosthetic replacement may be indicated. In recent years adjuvant biologic 
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treatment strategies have been developed to improve biologic healing at the tendon-to-bone 
junction.  
 
Whether conservative or operative treatment should be selected for an individual rotator 
cuff tear has to be determined on a case-to-case basis. Primary operative treatment by 
tendon repair is usually indicated for younger, physically active patients with an acute full-
thickness tear leading to significant functional deficits. Conservative treatment may be tried 
initially and for a period of at least 3 months for patients over the age of 65 with an 
atraumatic tear, functional weakness resulting from pain, and lower shoulder demands than 
their younger counterparts. However, many cases cannot be classified into any of these 
groups and a generally accepted treatment algorithm has not yet been established for these 
patients. 
 
Conservative treatment 
Physiotherapeutic exercise therapy is usually the cornerstone of the conservative 
management of patients with rotator cuff tears. Exercise programmes should be 
individually tailored according to the functional deficits detected at patient examination. 
Restoration of full pain-free ROM, muscle balance, muscle synchrony and scapulothoracic 
and glenohumeral muscular control and stability are important goals of the rehabilitation. 
Supplementary measures like steroid or non-steroid anti-inflammatory medication and 
physical modalities may be adequate initially to achieve pain control, but there is little 
evidence of protracted benefit from these methods alone (88-90).  
 
A number of different physiotherapeutic treatment regimes have been tried in case studies. 
In studies with a short-term follow-up of less than one year and with the majority of tears 
limited to the supraspinatus tendon, improvement from baseline in terms of the Constant 
score ranged from 13 to 30 points (91-93).  
In studies with medium-term follow-ups (1-4 years) of acute and chronic tears of various 
sizes, the percentages of excellent or good results ranged from 59% to 82% (94-97). 
However, separate analysis of patients with moderate and large tear sizes in one of these 
studies showed an excellent or good result in only 25%.  
One long-term study over 7.6 years, with a majority of traumatic rotator cuff tears, found 
no or only slight shoulder discomfort in 74% of patients at follow-up, but weakness was 
found on muscle testing in 94% (98). Another long-term study of atraumatic tears over 7 
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years found a 23-point improvement on the Constant scale, and a satisfaction rate of 63% 
(99). Factors that were found to be positively correlated with successful conservative 
treatment were well-preserved shoulder motion and strength at baseline (94;96). Predictive 
factors for unsuccessful conservative treatment were pre-treatment clinical symptoms for 
more than one year, tear size exceeding 1 cm, sleep loss due to shoulder pain and an 
insurance claim (95;100). 
  
Taken together, these study results appear to support an initial trial of conservative 
treatment in cases where primary tendon repair is not clearly indicated. However, the value 
of these studies is limited, as most are retrospective, present pre-selected patient groups, 
lack independent observers and control groups, and exclude from analysis patients who had 
been converted to surgical therapy after failed conservative treatment. Further, initially 
repairable rotator cuff tears that are treated conservatively may develop irreversible 
changes in the muscle-tendon unit such as muscle atrophy, fatty degeneration, tendon 
retraction and tissue thinning. Such changes make surgical tendon repair at a later time 
more difficult, if not impossible, and may compromise the outcome for the patient (86;87).  
 
Operative treatment 
In patients considered for operative treatment, the reparability of the tear has to be 
determined. Factors that have been shown to be positively related to a structurally and 
clinically successful repair are a patient age of less than 65 years (101), a short duration of 
symptoms, an acromiohumeral distance of more than 7 mm on anterior-posterior 
radiographs (102;103), and the absence of tobacco abuse (104), of steroid medication (105) 
and of comorbidities such as diabetes (106). MRI-derived factors indicating reparability are 
tendon retraction not exceeding stage 2 according to Patte (57), muscle atrophy not 
exceeding grade 2 according to Thomazeau et al. (107) and fatty dystrophy of the muscles 
not exceeding grade 1 according to Goutallier et al. (86;87).  
 
Functional cuff repair requires restoration of normal cuff anatomy by use of tendon-to-
tendon and tendon-to-bone techniques and tension-free fixation to the humerus by 
mobilizing retracted and shortened rotator cuff tendons. In cases of pathology of the long 
head of the biceps tendon or its outlet, treatment by biceps tenodesis or tenotomy may be 
indicated. Acromioplasty may be considered in patients with chronic tears, but two recent 
studies have shown similar short-term results of tendon repair with and without 
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decompression (108;109). A postoperative rehabilitation regime including gentle 
progression from passive motion to active unloaded motion to strengthening exercises over 
3 to 6 months is essential. 
  
Tendon repair was found to have good results for pain relief and restoration of shoulder 
function in a number of case studies. After open repair, good or excellent results were 
achieved by Rokito et al. for large and massive chronic rotator cuff tears in 76% of patients 
after a mean of 5.5 years (110). In a long-term study over 13.4 years Cofield et al. (111) 
found excellent and good results in 80% of patients, and Galatz et al. (112) demonstrated 
constancy of the results achieved by tendon repair over 10 years. In a meta-analysis of the 
results of a number of studies, Cofield (113) found good or excellent results after open 
tendon repair in 85%. Because it is potentially less traumatic to shoulder-covering tissues, 
many shoulder surgeons today prefer mini-open or all-arthroscopic tendon repair. For both 
procedures short and mid-term outcomes have been shown to be comparable to those of 
open surgery. Satisfaction rates ranging from 86% to 96% (114-116) after mini-open repair 
and from 91% to 95% after arthroscopic repair (117-119) have been reported. In two recent 
meta-analyses of studies comparing mini-open with arthroscopic rotator cuff repair, no 
differences could be demonstrated in final outcome or complication rates (120;121). 
However, most of the existing studies are retrospective and randomized controlled studies 
are lacking. The impact of the surgical technique on the results of full-thickness tear repair 
still has to be analysed by adequately designed studies. 
 
Tendon repair aims to re-establish normal cuff anatomy without tear recurrence. However, 
assessment of tendon integrity after tendon repair has shown variable results. In a study by 
Harryman et al., sonographic follow-up of 105 tendon repairs 5 years after open surgery 
(122) showed a recurrent full-thickness defect in 20% of patients for tears affecting the 
supraspinatus tendon alone, in 43% for tears affecting the supraspinatus and infraspinatus 
tendons and in 68% for three tendon tears. Intact rotator cuffs at follow-up showed better 
function and ROM than rotator cuffs with recurrences, and the size of the recurrent defect 
was negatively correlated to the functional outcome. However, patient satisfaction was 
generally high independent of cuff integrity. Similar results have been reported for mini-
open repair (116), and for arthroscopic repair (117-119).  
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To summarize, in the absence of any prospective randomized clinical trials, only limited 
evidence is available for treatment selection for full-thickness tears of the rotator cuff. 
Better studies are needed to determine optimal surgical treatment techniques and sound 
indications for operative and conservative treatment.  
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6. Aims of the research 
 
Paper I 
To investigate the early learning curve of an orthopaedic surgeon with diagnostic 
sonography of the shoulder. 
  
Paper II 
To investigate sonography as an isolated diagnostic tool for the painful shoulder unbiased 
by clinical examination findings and patient history. 
 
Paper III 
To compare treatment benefits from tendon repair and physiotherapy in the treatment of 
rotator cuff tears up to 3 cm in diameter. 
 
Paper IV 
To investigate the prevalence and characteristics of asymptomatic full-thickness tears of the 
rotator cuff in the general population by sonography. 
 
Paper V 
To compare findings on magnetic resonance imaging from symptomatic and asymptomatic 
full-thickness tears of the rotator cuff.  
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7. Methods: 
 
7.1 Imaging methods 
Sonography (Papers I, II, III, IV, V) 
Real time sonography in studies I and II was performed with a Siemens Sonoline Sienna 
scanner equipped with a 5.5-9.4 MHz linear-array transducer and in studies III to V with a 
Siemens Sonoline Antares scanner equipped with an 8.5-11.5 MHz linear-array transducer. 
A standardized examination protocol was followed. Five standard views were obtained 
with the patient sitting on a swivel stool and the examiner standing behind. Lateral views 
were taken with the arm placed in adduction and internal rotation (on the patient’s back). 
For other views the arm was placed in adduction and neutral rotation (on the patient’s 
thigh). Supplementary dynamic examination was performed during active or passive 
external rotation (the subscapularis) and abduction (the supraspinatus), and by compressing 
the tendon with the transducer. Two plane examinations were performed for the 
subscapularis, supraspinatus and infraspinatus and the long head of the biceps muscle. 
 
Criteria for a full-thickness tear consisted of (1) nonvisualization of the rotator cuff, (2) 
hypoechoic or anechoic discontinuity of the rotator cuff or (3) contour concavity of the 
superior border of the rotator cuff in two planes. For the diagnosis of a partial-thickness 
tear, focal heterogeneous hypoechogenicity or an incomplete hypoechoic cleft had to be 
present. Secondary sonographic signs like a double cortex sign, irregularities of the bony 
surface of the greater tuberosity and effusion both in the subdeltoid bursa and the biceps 
tendon sheath supported the diagnosis of a tendon tear, but were not sufficient for the 
diagnosis on their own (76;77;79). A rupture of the long head of the biceps muscle was 
diagnosed if the tendon could not be identified in the intertubercular sulcus or elsewhere 
anterior to the humerus. A dislocation was diagnosed if the tendon was depicted anterior or 
medial to the lesser tuberosity (84). 
 
Measurement of maximum tear size in the supraspinatus and infraspinatus was performed 
on lateral transverse and longitudinal views along a straight line visualizing the distance 
between the margins of the tear (lateral transverse view) or between the greater tuberosity 
and the lateral margin of the tear (lateral longitudinal view) (123). In large tears, where a 
single line would have intersected the humeral head, measuring was performed along 
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several lines following the contour of the humeral head (78). Measuring in the longitudinal 
plane was not possible in cases where the tendon had retracted under the acromion. 
             
Location of the tears was determined on anterior (subscapularis) and lateral (supra- and 
infraspinatus) transverse views. Tears with a posterior extension of no more than 15 mm 
measured from the intraarticular portion of the biceps tendon were registered as 
supraspinatus tears and those extending for more than 15 mm as tears involving both the 
supraspinatus and the infraspinatus. Tears localized anterior to the biceps tendon were 
recorded as tears of the subscapularis (124). 
    
Magnetic resonance imaging (Papers III, IV, V) 
MRI of the shoulder in studies III to V was performed on a 1.5 T scanner. A dedicated 
shoulder array coil was used. The arm was placed along the side of the body with the 
thumb pointing upwards. Five sequences, all with 3.5-4 mm slice thickness, 17.5-18.0 FOV 
and one NEX, were obtained: (1) oblique sagittal T1-weighted spin echo (TR/TE = 513/13 
ms, matrix 192 x 256), (2) oblique sagittal T2-weighted TSE (TR/TE = 2930/74 ms, matrix 
218 x 256), (3) oblique coronal and (4) axial proton density-weighted TSE with fat 
saturation (TR/TE = 2800/40 ms, matrix 230 x 256), and (5) oblique coronal dual echo 
TSE (TR/TE = 2500/13 – 81, matrix 205 x 256). MRI data were stored on a picture 
archiving and communication system for further analysis.  
 
A full-thickness tear of the rotator cuff was diagnosed on MRI (1) in the presence of a 
complete discontinuity or gap in the tendon, or (2) if increased signal intensity (isointense 
compared to fluid), extending from the articular to the bursal surface of the tendon, was 
found on T2-weighted images (83;84;125). Tear size in two planes was measured along a 
straight line between the margins of the tear (oblique sagittal plane) and between the 
margin of the tear and the lateral edge of the humeral articular surface (oblique coronal 
plane). In large tears, the measurement lines followed the contour of the humeral head (78). 
Tear location (tendon involved) was determined in the oblique sagittal plane according to 
the classification of Thomazeau et al. (58). A tear of the long head of the biceps muscle 
was diagnosed if the tendon could not be visualized within the intertubercular sulcus or any 
other location in the joint (126). 
Atrophy of the supraspinatus muscle was assessed by calculating the occupational ratio of 
the fossa and by the tangent sign (59;107). The occupational ratio was measured on the 
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oblique sagittal T1-weighted series on the image showing the Y-shaped view of the 
scapula. The contours of the supraspinatus muscle and the supraspinatus fossa were traced, 
and the CSAs were determined. Calculation of the ratio was performed by dividing the 
CSA of the supraspinatus by the CSA of the fossa. According to Thomazeau et al., ratios 
above 0.6 indicate a normal muscle volume, ratios between 0.4 and 0.6 indicate moderate 
atrophy and ratios less than 0.4 indicate severe atrophy of the supraspinatus muscle. On the 
same image, the tangent line was drawn between the top of the coracoid and the top of the 
spine of the scapula. A positive tangent sign (indicating severe atrophy) was registered if 
the supraspinatus muscle belly and the tangent line did not intersect. 
  
Fatty degeneration of the supraspinatus, infraspinatus and subscapularis muscles was 
classified according to Goutallier et al. and Fuchs et al. (60;61). As in the quantitative 
assessments, the Y-shaped view of the scapula was used for analysis. Muscles showing no 
fat (grade 0) or only some fatty streaks (grade 1) were considered to be normal, muscles 
with more than some fatty streaks but still more muscle than fat (grade 2), with equal 
amounts of muscle and fat (grade 3) or with less muscle than fat (grade 4) were considered 
to be severely degenerated. 
 
   
7.2 Therapeutic methods 
Tendon repair (Paper III) 
A mini-open or open approach was used for tendon repair, with the patient in the beach-
chair position and under a combination of interscalene block regional anaesthesia and total 
intravenous anaesthesia. Surgery started with a diagnostic arthroscopy through a standard 
posterior portal and the glenohumeral joint was thoroughly inspected for associated intra-
articular pathology. 
 
An anterior/superior approach was used for tear exposure. The fibres of the deltoid were 
split for a distance of 3 to 4 cm, followed by detachment of the anterior part of the deltoid 
and release of the coracoacromial ligament from the acromion. An anterior/inferior 
acromioplasty was performed as described by Neer (53). When present, osteophytes were 
removed from the undersurface of the acromioclavicular joint. After partial bursectomy and 
limited debridement of tendon margins, the rotator cuff was mobilized with the arm at the 
side until full coverage of the footprint without undue tension was achieved. In almost all 
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cases this was possible after blunt dissection on the bursal and articular surface of the 
tendons. In some cases, however, a stepwise release of the coracohumeral ligament, the 
rotator interval and the superior half of the capsule from the labrum had to be performed. 
The footprint was prepared to bleeding bone, and the tendon repaired by a combination of 
tendon-to-tendon and tendon-to-bone techniques. Tendon-to-bone repair was performed 
with a modified Mason-Allen technique, with one limb of the suture passed through drill 
holes in the greater tuberosity and tied laterally, over bone, to the other limb. Two to four 
sets of size 2 nonabsorbable braided sutures were used, depending on the size of the tear. 
 
The detached part of the deltoid was repaired through bone tunnels to the acromion. 
Supplemental tenodesis of the long head of the biceps tendon to the intertubercular sulcus 
with anchors was performed when arthroscopy had shown degeneration or a partial tear of 
this tendon. Mini-open tendon repair differed from open repair in that the incision was 
shorter and acromioplasty was performed arthroscopically.  
 
Physiotherapy (Paper III) 
A rehabilitation programme describing treatment goals and methods was established prior 
to the study, together with a photographic essay demonstrating the therapeutic exercises. 
Physiotherapy was given in a non-standardized manner on the basis of this programme. 
Selection of exercises, number of repetitions and duration of treatment were individually 
tailored according to examination findings and treatment progression. Treatment sessions 
of 40 minutes were given on average twice weekly for 12 weeks and at increasing intervals 
during the subsequent 6 to12 weeks. Particular attention was directed towards correcting 
the upper quarter posture and restoring of scapulothoracic and glenohumeral muscular 
control and stability. Exercises were supplemented by educative measures to give the 
patient a better understanding of shoulder function and treatment principles.  
 
Correction of upper quarter posture 
Increased elevation of the shoulder girdle was addressed by manual therapy, stretching 
exercises and massage of tight and overactive cervicoscapular muscles. In patients 
presenting with increased scapular protraction, manual techniques were used to reduce 
tension and increase flexibility in overactive scapula protractors, together with 
strengthening exercises for weakened interscapular muscles. Active and passive exercises 
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were given to increase the flexibility of the thoracic spine and to counteract increased 
thoracic kyphosis. 
 
Scapulothoracic muscular control and stability 
The principle of establishing proximal stability as a basis for distal function was followed. 
Exercises to achieve and maintain the ideal postural position of the scapula prior to 
movement (scapula setting) were given. Therapeutic measures included (1) educative 
measures to increase the patient’s awareness of the appropriate starting position of the 
scapula, (2) manual techniques to increase the flexibility of muscles counteracting free 
scapular motion, (3) exercises to achieve and maintain ideal scapula orientation without use 
of substitution strategies and (4) facilitation techniques to improve proprioception. Once 
appropriate scapula positioning was achieved, dynamic control of the scapulothoracic joint 
was addressed. Exercises with the humerus in more challenging positions (overhead) were 
introduced, and training was administered in positions in which scapulothoracic control 
was still present, but close to the position where control was lost. 
   
Glenohumeral muscular control and stability 
Initially, exercises for local control of the glenohumeral joint were given. Centring of the 
humeral head in the glenoid fossa was trained by isometric exercises and exercises against 
eccentric and concentric resistance for shoulder rotators. Inelastic and shortened rotator 
muscles were addressed manually. Closed kinetic chain exercises were introduced to 
improve concavity compression of the humeral head into the glenoid. Once local 
glenohumeral control was achieved, training of strength and endurance of shoulder rotators 
and depressors was started. Exercises with increasing loads were given progressing from 
neutral to more challenging positions. During all exercises scapular stability had to be 
maintained. Additional exercises were given to meet specific demands made by work, sport 
and leisure activities. 
 
Educational measures 
The educational measures consisted of verbal and written information together with 
demonstrations on anatomic models to explain the treatment process and the reasons for the 
treatment programme. Standing in front of a mirror, patients learned to discern individual 
elements of poor posture and motion and to recognize changes occurring as a result of 
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therapy. Home exercises were given to increase the patient’s awareness of correct use of 
the shoulder during everyday shoulder activities (127-129). 
 
 
7.3 Outcome measures 
Constant score (Paper III) 
The Constant score (130) is a widely accepted joint-specific outcome instrument for the 
shoulder. Its interobserver reliability was established in the original study and a more 
complete assessment of its reliability in patients with shoulder pathology was later 
performed by Conboy et al. (131). The system uses a combination of subjective and 
objective components to assess shoulder function. The maximum score of 100 points 
consists of 35 points based on subjective assessments of pain and activities of daily living 
and 65 points based on examiner-derived measurements of shoulder strength and ROM.     
 
ASES score (Papers III, IV, V) 
The self-report section of the ASES score (132) consists of two equally weighted parts for 
pain and shoulder function, each contributing 50 points to a maximum score of 100. Pain 
measurement is performed on a 10 cm VAS scale divided into 1 cm increments. Shoulder 
function is measured by classifying 10 activities of daily living on a four-point ordinal 
scale. The validity, reliability and responsiveness of the system for the follow-up of 
dysfunction of the shoulder have been demonstrated (133).  
 
SF-36 health survey (Paper III) 
In contrast to shoulder-specific outcome scores, the SF-36 is a generic measurement unit 
designed to measure health-related quality of life. This self-administered survey consists of 
eight scales concerned with physical function, physical role, bodily pain, general health 
perception, vitality, social function, emotional role and mental health. Each scale has a 
range of 0-100 points, with 100 indicating the best possible health condition. A summary 
score for physical and one for mental health is calculated from the results of the scales. The 
validity of the parameters as measures of physical and mental health constructs has been 
documented (134). Sensitivity and responsiveness have been demonstrated for 
measurement of the relative impact of shoulder pathologies and of the benefit of shoulder 
treatment (135-139). 
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7.4 Statistical methods 
All statistical analyses were performed using SPSS version 16.0 (Papers I to III) and 17.0 
(Papers IV and V) (SPSS Inc., Chicago, IL, USA). P values of less than 0.05 were 
considered statistically significant. 
  
Papers I and II 
The ability of a diagnostic test (sonography) to diagnose full-thickness tears of the rotator 
cuff was compared with a gold standard (arthroscopy or open surgery). The main results 
were given in terms of the sensitivity, specificity and positive and negative predictive 
values of the diagnostic test. Sensitivity is the proportion of positives correctly identified 
by a test. Specificity is the proportion of negatives correctly identified by a test. Sensitivity 
and specificity have the advantage that they are not affected by the prevalence of the 
disease in the study population and can therefore be compared between studies (assuming 
that the gold standard almost always reflects the true disease status of the subject). Positive 
and negative predictive values are the proportions of patients with positive or negative test 
results who are correctly diagnosed. Predictive values are more useful for the clinician as 
they express the probability that a given test result will reflect the correct diagnosis. As 
they depend strongly on the prevalence of the disease in the study population, they cannot 
be universally applied. 
 
Paper III 
Paper III reported a randomized controlled single-blinded study where the results of 
conservative treatment and tendon repair for rotator cuff tears were compared between 
groups. Analysis was performed according to an intention-to-treat principle by using the 
last-observation-carried-forward technique for the missing non-operative follow-up values 
from patients crossing over from physiotherapy to surgery. Outcome was measured on 
continuous scoring scales and repeated measurements were taken at baseline and after 6 
and 12 months. To handle possible dependencies between the repeated measurements, a 
linear mixed model was used for analysis. The time of follow-up, the treatment group and 
an interaction term between the two were introduced into the model as explanatory 
covariates. As follow-up was after 6 and 12 months for all study subjects, time was 
included as a categorical covariate. Assumptions for a mixed model analysis were found to 
be fulfilled, with normally distributed residuals without systematic trends as shown on 
histograms and scatterplots. An unstructured covariance matrix was used for analysis. 
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Other types of matrix were tested but resulted in an inferior goodness of fit according to 
Akaike’s Information Criterion. 
 
Paper IV 
Tear prevalence was calculated by dividing the number of subjects presenting an 
asymptomatic rotator cuff tear by the total number of study subjects, and was given in 
percent. To assess the association between tear prevalence and age group, a chi-square test 
for trend was used. The effect of tear/no-tear on shoulder strength was assessed by one-way 
ANCOVA with age and gender as covariates.  
 
Paper V 
The association between a binary outcome variable (rotator cuff tear with or without 
symptoms) and a number of categorical, two-levelled exposure variables (MRI-derived 
values for tear size and location, condition of the biceps tendon, muscle atrophy and fatty 
degeneration) was tested by logistic regression. Analysis was performed as a single factor 
analysis. In all analyses we controlled for subject age as a confounder by including it in the 
regression model. This was done because subject age differed between study groups (older 
mean age in the asymptomatic group), and at the same time was positively correlated to 
exposure groups (tear size, muscle quality) and negatively correlated to the outcome 
variable (symptoms of a rotator cuff tear). Fitting our regression model without adjusting 
for subject age would have masked the association between exposure groups and outcome 
variable and would have led to confounding bias. Prior to final analysis, interaction 
between independent factors and variables of interest (age, gender) was analysed, but was 
not found to be present.  
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8. Summary of papers 
 
Paper I 
Background: According to the literature, sonography has the disadvantage of a long 
learning curve (70;76;140;141). Studies performed by inexperienced examiners, however, 
have rarely been reported. The aim of the study was to document the results achieved by an 
orthopaedic surgeon at an early stage of the learning curve using this method. 
Patients and Methods: After a 2-day training course consisting of theoretical and practical 
lessons in sonography of the shoulder, one orthopaedic surgeon examined 350 consecutive 
shoulder patients clinically and sonographically. The patients were referred by general 
practitioners for chronic shoulder pain, and the results of previous radiographs (53 cases) 
and MRI examinations (39 cases) were available to the examiner. Sonographic findings of 
interest were full-thickness and partial-thickness tears of the rotator cuff and tears or 
dislocations of the long head of the biceps muscle. Indications for operative treatment were 
found for 79 patients, who formed the study group. Surgery was performed by experienced 
orthopaedic surgeons other than the sonologist, who were aware of the findings from 
sonography. The surgical findings were then compared with the sonographic findings.  
Results: Twenty of 26 surgically proven full-thickness tears of the rotator cuff were 
detected by sonography. In 45 of 46 cases with an intact rotator cuff on operation, 
sonography had been negative. Six of seven partial-thickness tears were overlooked. For 
sonographic detection of full-thickness tears, sensitivity was 77%, specificity 98%, positive 
predictive value 95% and negative predictive value 90%. For the long head of the biceps 
muscle, all eight cases with a surgically proved tendon rupture or dislocation were detected 
by sonography, but differentiation between the two conditions was not possible in two 
cases. 
Conclusion: Our results support the usefulness of sonography as a diagnostic method for 
full-thickness tears of the rotator cuff and for pathology of the long head of the biceps 
muscle, even when the sonographer is in an early learning phase. 
 
Paper II 
Background: Rotator cuff tears can be diagnosed clinically in patients with typical 
symptoms (67;68;142;143). Lack of blinding of the sonographer to physical examination 
findings may have biased the results of earlier studies of the diagnostic accuracy of 
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sonography for rotator cuff tears. The aim of this study was to assess the value of 
sonography as an isolated diagnostic test for the detection and quantification of rotator cuff 
tears. 
Patients and Methods: One orthopaedic surgeon performed sonography as the first-line 
examination on 350 patients referred by their general practitioner for chronic shoulder pain. 
The examiner was blinded to the patient’s history, physical examination findings and 
results of previous imaging examinations. Sonographic findings of interest were full- and 
partial-thickness tears of the rotator cuff, maximum tear size and location of the tear. 
Indications for surgical treatment were found for 58 shoulders. Thirty-four patients were 
treated with arthroscopic acromioplasty by a single orthopaedic surgeon who was blinded 
to the sonographic findings. In 18 patients open repair of a full-thickness rotator cuff tear 
was performed. In these cases the rotator cuff was evaluated by the the assistant surgeon, 
who was blinded to the sonographic findings. The surgical findings were compared with 
the sonographic findings. 
Results: All 24 surgically proved full-thickness tears of the rotator cuff had been diagnosed 
correctly by sonography. In 19 of 20 cases with an intact rotator cuff, preoperative 
sonography was negative. Thirteen of 14 partial-thickness tears were overlooked. 
Sensitivity for the detection of full-thickness tears was 100%, specificity 97%, positive 
predictive value 96% and negative predictive value 100%. Location of the tear in relation 
to the rotator cuff tendons was described correctly in 21 of 25 cases. For tear size 
measurement in the anterior-posterior and medial-lateral planes, the 95% range of 
agreement was -2.6 ± 9.8 mm, and -3.4 mm ± 9.9 mm respectively. 
Conclusion: Sonography of the shoulder performed without access to clinical information 
showed high diagnostic accuracy for full-thickness tears of the rotator cuff but not for 
partial-thickness tears. The results for tear size measurement and determination of tear 
location were close to the surgical findings in most cases. 
     
Paper III 
Background: Tendon repair and physiotherapy are accepted treatment options for rotator 
cuff tears, but have never been compared in randomized controlled studies. The aim of this 
study was to investigate differences in treatment benefits between the two methods by 
comparing outcome measures of open or mini-open tendon repair with those of a defined 
physiotherapeutic treatment regime.   
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Patients and Methods: The study was designed as a randomized controlled study with 
examinations at baseline and follow-ups after 6 and 12 months. One hundred and three 
patients with a symptomatic full-thickness tear of the rotator cuff not exceeding 3 cm were 
randomly allocated to physiotherapy or tendon repair. Outcome measures included the 
Constant score, the self-report section of the ASES score, the SF-36 Health Survey and 
measurements of pain, strength and pain-free mobility of the shoulder and patient 
satisfaction. The outcome assessor was blinded to the patient’s treatment allocation.  
Patients from the physiotherapy group who complained of lack of improvement after at 
least 15 treatment sessions were re-examined and, if inadequate improvement was 
confirmed clinically and by the scores, secondary surgical treatment was offered. In these 
cases the last scoring result prior to secondary surgery was carried forward to the analyses. 
After secondary surgery these patients were followed as a separate group (secondary 
surgery group) with outcome measurements performed after 6 and 12 months.  
In the surgical group, the integrity of the repaired tendon was assessed on MRI after 12 
months.  
Results: Demographic data and study scores were comparable between groups at inclusion. 
Nine of 51 patients (18%) in the physiotherapy group did not show improvement after a 
mean of 24 (range 15 to 34) training sessions and were converted to secondary surgery. 
One patient, who had been allocated to surgical treatment, withdrew from the study before 
treatment was started. 
Within-group analysis showed significant rises in scores from baseline to 12 months in 
both groups. Between-group comparison showed significantly better results for the surgery 
group on several scales. On the Constant scale, a 13.0-point (p = 0.002) larger increase was 
found for the surgery group after 12 months. On the ASES scale the corresponding 
difference between groups was 16.1 points (p < 0.0005). Patient satisfaction after 12 
months as measured on a VAS scale was better after surgery (9.0 cm) than after 
physiotherapy (7.2 cm, p < 0.0005).  
In the secondary surgery group the increase on the Constant scale was 33.9 points 
compared with 41.9 points in the primary surgery group. Using the results of secondary 
surgery instead of the last observation carried forward technique for the nine crossover 
patients in the main analysis would have reduced the between-group difference on the 
Constant scale to 7.7 points (p = 0.04).   
Control of the integrity of the repaired tendon in the primary surgery group showed an 
intact rotator cuff in 38 cases (76%), a partial-thickness tear in 6 cases (12%), a full-
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thickness tear in 4 cases (8%) and an inconclusive result in 2 cases. In the secondary 
surgery group 8 of 9 tendons were diagnosed as intact.  
Conclusion: Our analysis of the results of physiotherapy and tendon repair in the treatment 
of small and medium-sized rotator cuff tears after 12 months showed greater benefits after 
tendon repair on several scoring scales. On the other hand, 42 of 51 conservatively treated 
patients accepted the results achieved by physiotherapy as their final treatment results, and 
nine patients with no effect from physiotherapy were effectively treated by secondary 
surgery. 
 
Paper IV 
Background: Asymptomatic rotator cuff tears have been detected in earlier studies with 
varying prevalence (6.1 to 33.9%) (49-51;144;145). The aim of this study was to determine 
the prevalence and characteristics of asymptomatic full-thickness tears by sonographically 
screening a large group of subjects with no shoulder problems.  
Patients and Methods: Clinical and sonographic shoulder examination was performed on 
420 subjects with at least one asymptomatic shoulder in the age groups 50 to 59, 60 to 69 
and 70 to 79 years. Criteria for an asymptomatic shoulder were absence of acute and earlier 
pain and subjective dysfunction, and a score of 90 points or more on the ASES scale.      
Sonography was performed by an experienced examiner and a full-thickness tear of the 
rotator cuff was the positive finding of interest. Tear size, tear location, the condition of the 
long head of the biceps muscle, and the amount of effusion in the subacromial-subdeltoid 
bursa and the biceps tendon sheath as assessed by sonography were registered. To control 
for false positive findings, additional MRI examination was performed on subjects with a 
full-thickness tear on sonography. To control for false-negative findings MRI was 
performed on subjects with a sonographic finding of a partial-thickness tear or severe 
tendon degeneration. Tear prevalence was calculated per subject, not per shoulder.  
Results: A full-thickness tear was found in 32 of 420 subjects (prevalence 7.6%). 
Association between prevalence and increasing age was highly significant (p < 0.0005). 
Agreement between findings from sonography and MRI was good. Analysis of tear 
characteristics by sonography showed a tear size of ≤ 3 cm in 30 of 32 subjects (94%) and 
a tear location limited to the supraspinatus in 25 of 32 subjects (78%).                                                            
Conclusion: Our finding of a significant association between age and tear prevalence is in 
accordance with results from other studies. The overall prevalence of asymptomatic tears of 
7.6% in our study group, however, was lower than in most of the earlier reports.    
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Paper V 
Background: It is not understood why some rotator cuff tears are asymptomatic while 
others cause shoulder pain and dysfunction. Differences in tear anatomy may be suspected. 
The aim of this study was to compare MRI findings in two groups of subjects with rotator 
cuff tears with and without symptoms. 
Patients and Methods: Findings from standardized MRI examinations from 50 
asymptomatic and 50 symptomatic shoulders were compared. The asymptomatic group 
consisted of subjects with at least one shoulder with no history of acute or earlier pain or 
dysfunction, 90 points or more on the self-report section of the ASES score and the finding 
of a full-thickness rotator cuff tear on both sonography and MRI. Asymptomatic subjects 
differed with respect to the contralateral shoulder, which was painful in 22 cases and pain-
free in 28 cases (asymptomatic subgroups).  
The symptomatic group consisted of shoulders referred to our outpatient clinics for 
atraumatic shoulder pain with clinical, sonographic and MRI findings consistent with a 
full-thickness rotator cuff tear.  
MRI examinations from asymptomatic and symptomatic shoulders were randomly mixed 
and independently evaluated by two experienced musculoskeletal radiologists. Tears were 
classified as small (≤ 3 cm) or large (> 3 cm) and as superior-anterior or superior-posterior. 
The long head of the biceps muscle was classified as intact or torn. The supraspinatus 
muscle volume was classified according to Thomazeau et al. and Zanetti et al. as 
normal/moderately atrophied or severely atrophied. Fatty degeneration of the rotator cuff 
muscles was classified according to Goutallier et al. and Fuchs et al. as low or severe. 
Tear characteristics were compared between the two main groups. Additional analyses 
were performed separately for the two asymptomatic subgroups.   
Results: MRI-determined tear characteristics that were found to be associated with 
symptomatic rotator cuff tears were (1) a tear size > 3 cm in the medial-lateral plan (p = 
0.007), (2) a positive tangent sign (p = 0.04) and (3) a high degree of fatty degeneration in 
the supraspinatus (p = 0.004) or the infraspinatus muscle (p = 0.009). Comparison of the 
symptomatic group with each of the two asymptomatic subgroups separately showed larger 
ORs for all MRI derived factors for the comparison with the subgroup of asymptomatic 
subjects with a painfree contralateral shoulder.         
Conclusion: Significant differences between symptomatic and asymptomatic rotator cuff 
tears were found for several MRI-determined tear characteristics. As differences were 
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larger for the subgroup of bilateral asymptomatic subjects, the condition of the contralateral 
shoulder has to be taken into consideration in studies of asymptomatic rotator cuff tears. 
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9. General discussion 
 
9.1 Diagnosis of rotator cuff tears (Papers I and II)  
 Patients 
In Papers I and II the effectiveness of sonography in diagnosing rotator cuff tears in painful 
shoulders was assessed. In studies of the effectiveness of diagnostic tests, adequate patient 
selection is crucial and the eligibility criteria must be clearly defined. Multiple sources of 
bias exist and have to be borne in mind when evaluating the findings from this type of 
study. Study results are only valid for patients comparable to those included, and cannot be 
transferred to other groups of patients. 
   
Our two diagnostic studies were conducted in an orthopaedic shoulder unit on patients 
referred by general practitioners for chronic shoulder pain and dysfunction. The patients 
were included prospectively and consecutively. The criteria for referral were not 
standardized and were often unclear. Most of the patients were referred because they were 
not responding to treatment measures given in primary care, which means that they may 
represent a selection of more severe and more chronic “problem patients” (selection bias). 
The pathology may be more discernible on imaging tests in more severe cases, which 
means that the agreement between the index and reference tests may be inflated. 
 
Furthermore, the reference test (diagnostic arthroscopy, open surgery) was part of an 
invasive therapeutic procedure and consequently only performed on the subgroup of 
patients with surgical indications. Among those who had undergone sonography initially 
(350 patients in both studies), such indications were found for 79 (Paper I) and 58 (Paper 
II) patients respectively. Again, this may have resulted in study groups consisting of more 
serious cases (partial verification bias). 
     
However, bias during patient selection cannot always be excluded. Analysis of other 
studies in the field shows that selection and partial verification bias could have played a 
role in most of them. This may explain the high prevalence (range 35-70%) of full-
thickness tears of the rotator cuff in the majority of published materials 
(70;72;75;84;123;146;147). In our studies selection bias was accepted as our aim was to 
present results for the use of diagnostic ultrasound in a specialist setting and not in primary 
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care. Partial verification bias could not be excluded as it would have been unethical to 
perform a surgical procedure on subjects without indication, and there is no alternative 
non-invasive gold standard. Consequently the validity of our results is limited to the group 
of secondary care patients with surgical indications. 
  
Methods 
The examiner 
In methodological studies of diagnostic ultrasound, details of the examiner interpreting the 
test must be provided as they may influence the study results. The results may vary 
according to whether the examination was performed by a radiologist, an orthopaedist or a 
rheumatologist, and may also depend on the examiner's level of experience of the method. 
Most of the fundamental studies in the field have been written by very experienced 
radiologists, who have stated that sonography of the shoulder has a long learning curve and 
depends heavily on examiner experience (70;76;140;141). However, scientific proof of this 
statement is weak (148-150). In our two studies the examiner had little (Paper I) and 
medium (Paper II) experience, and thus our findings reflect performance in the lower part 
of the learning curve. 
 
Sonography 
Technical details of the intervention are important information as they may influence the 
study results. The examination techniques and diagnostic criteria used in Papers I and II 
were largely based on the work of Middleton et al., Bouffard et al., and Teefey et al., which 
are considered to represent the state of the art in sonography of the shoulder (72;76;77). We 
had access to a linear array transducer with frequencies ranging from 5.5 to 9.4 MHz 
during both our studies. This is in contrast to more recent studies, where transducers of 10 
MHz and more have been used (147;150). Transducers with higher frequencies give better 
image resolution and will potentially lead to increased diagnostic reliability. 
 
Methodological biases 
In Paper I, the sonographer was not blinded to the patient’s history, physical examination 
findings and the results of previous radiographic and MRI examinations, nor were the 
surgeons blinded to clinical and imaging reports prior to surgery. The interpretation of 
sonographic results may therefore have been influenced by the results of examinations 
performed prior to sonography, and the interpretation of the reference test may have been 
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influenced by the results of examinations performed prior to surgery. An examiner who is 
aware of the result of one test may spend more (or less) time searching for pathology in a 
later test if he knows that it has already been (or not been) shown by the first test 
(verification bias). This could have influenced our study results. However, using a test as 
one of a group of diagnostic modalities reflects daily clinical practice. In this study we did 
not want to analyse sonography as an isolated technique but as part of a diagnostic 
algorithm for rotator cuff tears and biceps tendon pathology. 
 
In Paper II we tried to exclude verification bias. It has been shown that rotator cuff tears 
can be diagnosed clinically in cases presenting typical examination findings 
(65;67;68;142;143). Knowledge of clinical information may therefore have influenced the 
interpretation of sonographic findings in earlier studies. This hypothesis is supported by the 
findings of Iannotti et al. (149) who reported that more accurate results were obtained by a 
sonographer who was aware of the patient's clinical examination findings than by a blinded 
examiner. Consequently, in Paper II the sonographer was blinded to previous examination 
findings and the surgeon to the findings from sonography.       
 
The reference test  
Diagnostic arthroscopy is widely accepted as the gold standard of reference for imaging 
studies of the rotator cuff and the long head of the biceps muscle. However, its accuracy in 
determining the true disease status of these structures depends on examiner experience. 
Small full-thickness tears may be overlooked and grading of partial thickness tears can be 
difficult. Information about the experience of the examiner performing arthroscopy as the 
reference test is therefore important. In Paper I arthroscopy and in some cases open surgery 
were performed by different, experienced surgeons from our orthopaedic department. This 
may have lead to inter-observer differences in the diagnosis of rotator cuff tears and biceps 
tendon pathology, but it reflects the daily clinical situation, where diagnostic criteria for 
these conditions may vary between arthroscopists. In Paper II inter-observer variation was 
excluded as all the dagnostic procedures during arthroscopy were performed by a single, 
experienced, orthopaedic surgeon.  
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Results 
Paper I 
In Paper I we present the sensitivity and specificity of sonography for the diagnosis of full-
thickness rotator cuff tears when used by an orthopaedic surgeon with little experience of 
the method. Although it is a widespread assumption that successful shoulder sonography 
requires long examiner experience, our results were not very different from those achieved 
by experienced sonographers. There are several possible explanations for this early success 
of an orthopaedic surgeon. Performing history-taking, physical patient examination and 
sonography together makes it possible for the orthopaedist to focus the sonographic 
examination on his clinical findings. Furthermore, being confronted with his own 
sonographic findings during the subsequent operation enables the surgeon to correct his 
sonographic interpretation by directly comparing it with his surgical findings. This type of 
feed-back from surgery may enhance the learning process. 
 
Paper II  
A review of the existing literature on shoulder sonography shows that many results may 
have been influenced by verification bias. In almost all studies the sonographers were 
aware of the patient's  history and the physical examination findings (69-75), and in some 
studies the surgeon was not blinded to the sonographic findings (149). Theoretically, 
verification bias should inflate the diagnostic accuracy of sonography in relation to the 
reference test. However, our finding of a sensitivity and specificity of over 90% in a 
blinded setting is in good accordance with findings from unblinded studies, which indicates 
that verification bias may have only a minor influence on the results of these studies. 
 
Partial-thickness rotator cuff tears 
In both papers we attempted to diagnose partial-thickness tears as a separate entity. In 
contrast to our results for full-thickness tears, however, the sonographic sensitivity and 
specificity for these tears were low. This is in accordance with findings from other 
publications where lower sensitivity and specificity of sonography for small full-thickness 
tears and partial-thickness tears have been found (74;80-82;151). The very low accuracy 
found in our studies could be due to limited examiner experience (Paper I), blinding to 
clinical information and/or the high proportion of superficial partial-thickness tears (grade 
1 according to Ellman) (Paper II) (152). Finally, the use of technical equipment with a 
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maximum transducer frequency of only 9.4 MHz in both studies may also have contributed 
to our results. 
 
 
9.2 Treatment of rotator cuff tears (Paper III) 
Tendon repair and physiotherapy are frequently used to treat full-thickness rotator cuff 
tears. However, currently there is no accepted standard for treatment selection. Based on 
tear characteristics and patient expectations, indication for one of the two treatments may 
be obvious in some cases but unclear in others. Existing scientific evidence for treatment 
selection is weak, and therapeutic decisions often depend on the patient's preference or are 
the result of a period of failed conservative treatment. Most previous studies have been 
designed as retrospective (94-96;98) or prospective case series, (100;117-119;153-157) 
which means that although they have shown that both treatment methods are effective, they 
have serious limitations, mainly due to selection bias and differential loss to follow-up. 
Their results should be used to develop hypotheses rather than to guide practice. 
Comparison of the two treatment modalities should be performed in randomised controlled 
studies. If adequately designed, those studies will provide results that are least likely to be 
affected by bias. To our knowledge, Paper III represents the first attempt to present a study 
of this kind for the comparison of treatment effects from tendon repair and from 
physiotherapy for small- and medium-sized full-thickness tears of the rotator cuff (88-90). 
However, randomized controlled studies are methodologically challenging and the validity 
of their results depends on appropriate study design.  
 
Patients  
Lack of external validity is a frequent criticism of randomized controlled studies. External 
validity reflects the generalizability of the study results and depends on the pathway to 
recruitment (patient referral, investigation and diagnostics), the eligibility criteria and the 
methodological criteria related to interventions and outcome measures. Although results 
from randomized controlled studies cannot be expected to apply to all patients and settings, 
trials should be presented in a way that makes it possible for the reader to assess their 
relevance.  
 
In our study, all 281 patients with a rotator cuff tear who were assessed for eligibility had 
been referred by general practitioners, which means that they represented the subgroup of 
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patients with symptoms that had not responded to primary health care treatment. Of these, 
only 103 (37%) met the eligibility criteria of our study. In consequence the applicability of 
our findings is limited to a Scandinavian secondary health care setting and to the proportion 
of patients fulfilling the inclusion and exclusion criteria in our study protocol. 
 
The purpose of randomization is to create patient groups that are balanced for prognostic 
variables and that differ only with respect to the intervention. However, between-group 
differences at baseline may arise by chance and may influence study results. In our study, 
patient characteristics at time of enrolment showed good comparability between study 
groups. For our two shoulder-specific scores, only small baseline differences were found. 
To examine the impact of these differences on our study results, analyses were performed 
both adjusted and unadjusted for baseline differences. Both analyses resulted in the same 
conclusions, thus supporting the validity of our results.   
 
Methods 
Interventions 
To allow generalizability, study interventions have to reflect normal clinical practice and 
should be performed by clinicians with a level of training and experience that is 
comparable to those of most other clinicians in the field. Surgical treatment in our study 
was performed by open or mini-open tendon repair together with acromioplasty, and 
consequently our results may differ from those obtained by the use of other current 
techniques like arthroscopic repair or repair without acromioplasty. However, as long as 
there have not been reported significant differences between the results of these treatment 
methods (108;109;117-119;153-157), our surgical intervention may be considered to be a 
gold standard. Furthermore, as all surgical treatment was performed by one of three 
experienced but not extremely specialized orthopaedists, our surgical results should be 
comparable to those from routine clinical practice. 
 
In our study physiotherapy was provided as outpatient treatment by one of four 
physiotherapists at our hospital. Treatment was given according to a rehabilitation 
programme developed prior to the study in a non-standardized manner. Selection of 
exercises, number of repetitions and duration of treatment were individually tailored 
according to examination findings and treatment progression. This is in accordance with 
modern state-of-the-art treatment strategies for shoulder patients. However, as 
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physiotherapy regimes may differ substantially between physiotherapists and institutions, 
the generalizability of our results from physiotherapy is limited to comparable treatment 
protocols.    
 
Outcome measures 
To support the validity of a study, outcome measures should be appropriate to the research 
question, clinically relevant, tested for validity, reliability and responsiveness, and reflect 
the patient’s priorities. Established scales in general use should be preferred in order to 
facilitate comparability with similar studies. An appropriate time horizon for times and 
duration of follow-up has to be defined. 
  
To allow for a broad evaluation of treatment effects, we employed a number of different 
outcome measures at follow-up, including two shoulder-specific scales (Constant score, 
ASES score), and a generic quality of life instrument (SF-36). Shoulder specific scores had 
to be selected among a large number of existing questionnaires, all with different strengths 
and weaknesses. To our knowledge none of them has been adopted as a standard for the 
follow-up of patients with a rotator cuff tear by the orthopaedic community.  
 
Our selection of the Constant score as the primary outcome measure was based on its 
widespread use in earlier studies and its combination of subjective (pain, activities of daily 
living) and objective (ROM, shoulder strength) measurement components, which were 
considered to be appropriate to the research question. However, the score has been 
criticized for the fact that the evaluation of its validity and reliability is incomplete, and that 
its minimal clinically important change has never been defined (130;131). However, the 
validity of our results is supported by the fact that the findings from our second shoulder-
specific instrument, the self-report section of the ASES score, were very close to those 
from the Constant score. The validity, reliability and responsiveness of the ASES score 
with regard to the follow-up of dysfunction of the shoulder have been demonstrated, (133) 
and good correlations have been shown between the measurement results of ASES and 
those of the Constant score in shoulder patients (158).  
 
To provide a more comprehensive assessment of treatment effects, the shoulder-specific 
scores were supplemented by a generic health questionnaire (SF-36) at follow-up. Generic 
outcome scales have the advantage of measuring the relative impact of shoulder pathology 
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on general health status and quality of life, but the disadvantage is that small but important 
changes may be overlooked. However, the results can be used to evaluate the impact of 
various medical and surgical interventions in a wide range of diseases.     
 
Sample size 
An essential step in the planning of a randomized controlled study is estimating the 
necessary sample size. The following values must be determined prior to study start: a 
clinically relevant primary outcome measure, the minimum difference considered to be 
clinically relevant, the expected variance of the data and the risk levels for type I and II 
errors (risk of a false positive or a false negative conclusion). In Paper III the Constant 
score was selected as the primary outcome measure, and risk levels for type I and type II 
errors were set at 5% and 15% respectively. Standard deviation for change of score was 
estimated to be 20 Constant points, based on measurement findings from previous patients 
at our hospital. This value was in fact very close to the values found in our study 
population after 6 (SD 20.7) and 12 months (SD 21.7). The value on the Constant scale that 
reflects the minimum difference considered to be clinically relevant, however, has never 
been determined in studies of the psychometric properties of the score. We therefore based 
our estimation of the value on clinical judgement and the existing literature (159-161). The 
value of 12 points on the Constant scale that was chosen for calculating the sample size is 
therefore a subject for discussion. 
 
Blinding 
As knowledge of a patient’s assignment to a group may influence the process of outcome 
assessment, studies should be designed with a high degree of blinding of all study 
contributors. Patients, health care providers, outcome assessors and those who analyse 
study data may all be influenced by knowledge of the treatment. In surgical studies, 
however, maximum blinding is often not possible. Comparison of operative and non-
operative treatment in Paper III allowed only for blinding of the outcome assessor. The 
patients were informed prior to every follow-up examination that treatment status had to be 
concealed from the outcome assessor and that the examination had to be performed with 
the shoulder covered by a T-shirt.  
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 Data analysis 
To preserve similarities in determinants of outcome between groups in randomized clinical 
trials, data analysis should be performed according to the intention-to-treat principle. This 
means that all study patients are included in the final analysis according to the treatment 
group to which they were originally allocated. However, strict application of the intention-
to-treat principle is sometimes difficult because patient cross over from one study treatment 
to the other and because of missing data. In Paper III, nine of 51 patients (18%) with 
unsatisfactory results from physiotherapy wanted to change treatment group, and obliging 
them to continue with ineffective treatment sessions would have been unethical. These 
patients were treated by secondary surgery and for this group the set of non-operative 
follow-up data is incomplete. In a strict intention-to-treat analysis the results of secondary 
surgery would have to be used for outcome analysis. However, such an analysis would no 
longer represent a comparison between operative and non-operative treatment because it 
would mean that surgical results were being used for some of the patients originally 
allocated to physiotherapy. Further, in our study replacing missing non-operative data from 
patients with no effect from physiotherapy by the far better results from secondary surgery 
would have inflated the outcome from the physiotherapy group.   
    
In Paper III we therefore conducted a modified intention-to-treat analysis, where missing 
non-operative data from crossover patients were treated according to a last-observation-
carried-forward principle. This means that the last result from non-operative treatment prior 
to secondary surgery was carried forward for further analysis. This result was assumed to 
represent our best estimate for the final result from physiotherapy. The analysis takes no 
account of the possibility of a change in score as a result of continued non-operative 
treatment. As proposed in the literature, a supplementary secondary analysis according to a 
strict intention-to-treat principle was performed and the results are given in the discussion 
part of Paper III for comparison (162-166). 
  
Results 
The main result of the study in Paper III is a 13-point-larger increase on the Constant scale 
from baseline to one-year follow-up after tendon repair of full-thickness tears up to 3 cm in 
diameter as compared with non-operative treatment. Comparing this result with results 
from other studies in the field is difficult because of important methodological differences 
between studies. Most of the earlier studies are case series or non-randomized trials (167), 
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where patients could have been selected on the basis of the investigator’s preconception of 
tear characteristics that are favourable for successful non-operative or operative treatment. 
 
These studies are also susceptible to bias through differential loss to follow-up. In many of 
them, patients who experienced no effect from the trial treatment and who had crossed over 
to alternative treatment regimes during follow-up were excluded from the analysis 
(94;99;100), which could have led to an overestimation of treatment effects. 
  
Another problem affecting between-study comparisons is the use of different scoring 
systems. Comparisons may be possible between shoulder scoring instruments for which 
significant outcome correlations have been demonstrated (135;136;158), but for many 
shoulder scores no such analyses have ever been performed. 
  
These limitations should be borne in mind when between-study comparisons are presented. 
Both Cofield (113) and Ruotolo et al. (168) have reviewed the literature and compared 
outcomes from studies of operative (169-174) and non-operative treatment 
(94;95;98;100;175). In both reviews, the successful outcome after non-operative treatment 
was reported to be 50% as compared with 85% after operative treatment. 
 
Statistically significant findings from randomized studies must be assessed for clinical 
relevance. Our between-group difference of 13 Constant points was both statistically 
significant and higher than our preselected cut-off value for clinical relevance. The clinical 
importance of our result is further supported by the ASES score and the measurement of 
patient satisfaction. For the ASES score, the minimum clinically important difference and 
the minimum detectable change have been defined as 6.4 and 9.7 points respectively (133), 
and are thus exceeded by our finding of a 16.1-point between-group difference after one 
year. Finally, a difference of 1.8 cm on the 10 cm VAS scale for patient satisfaction at one 
year is an indication of the relevance of our findings to clinical practice. 
 
The time horizon for follow-up can influence the validity of study results. Ideally, patients 
should be followed up until a final result that is constant over time is achieved, and 
obviously a follow-up time of one year does not meet this requirement. Deterioration is to 
be expected, especially in the non-operative group and in patients with unsuccessful tendon 
repair (94;97). According to the findings of Yamaguchi et al. (176), an unrepaired rotator 
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cuff may be at risk for progression of tear size and deterioration of muscle and tendon 
quality, resulting in the recurrence of symptoms. Patients’ non-compliance with measures 
aimed at maintaining the results of physiotherapy may also lead to symptom recurrence. 
Therefore the results presented in Paper III must be regarded as provisional and further 
outcome analyses are necessary. 
 
It is important to compare the results of secondary surgery with those of primary surgery in 
our study. Large differences would represent an ethical dilemma, as non-responders to 
physiotherapy would be at risk of a very poor treatment result. In Paper III, operations on 
patients in the secondary surgery group were performed after an average delay of 5 months, 
and the result on the Constant scale was 7.5 points poorer than for the primary surgery 
group. We consider this difference to be small, but the validity of the result is limited by 
the low sample size. 
 
Finally, the consequences of our findings for clinical practice should be discussed. The tear 
characteristics, symptoms, and activity requirements of patients diagnosed with a tear of 
the rotator cuff vary widely, and treatment cannot be standardized. Some patients will 
prefer non-operative treatment because it has less treatment-related morbidity. Avoidance 
of a long period of postoperative rehabilitation together with the possibility of secondary 
surgery in the event of insufficient treatment effect may make non-operative treatment 
attractive to these patients. In our study the low rate of crossover (9/51) and the good 
effects of secondary surgery are likely to encourage this attitude. However, on the basis of 
the results from Paper III, patients should be informed that one-year results of surgery are 
on average superior to those of physiotherapy. In our study between-group differences have 
been quantified for the first time according to different shoulder scoring scales and in terms 
of subscores for pain, range of motion, strength and patient satisfaction. This should 
improve the basis for therapeutic decisions. However, evidence of the medium- and long-
term effects of the two treatment measures is still weak.    
     
 
9.3 Asymptomatic rotator cuff tears (Papers IV and V) 
Rotator cuff tears are often associated with shoulder pain and dysfunction. Asymptomatic 
tears, however, have been revealed in cadaver studies and in sonographic and MRI 
screening studies of the general population. Reported prevalences vary between studies, 
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and information about the factors causing symptoms is sparse. Papers IV and V were 
designed to assess the prevalence of asymptomatic rotator cuff tears in a Norwegian 
population group and to explore associations between MRI-determined predictor variables 
and symptoms from a rotator cuff tear. Both studies are based on observational research. 
Even when such studies are well designed, the results are often influenced by bias and 
confounding (177;178). This may explain some of the variations in the results from earlier, 
comparable studies. However, observational study design is an appropriate choice for 
assessing many health-related events, including those relating to our research questions. 
Potential sources of bias and confounding should be analysed and reported so that the 
reliability of the study results can be evaluated.      
 
Patients 
Paper IV 
The prevalences reported in the majority of previous studies are higher than our finding of 
a 7.6% prevalence of asymptomatic rotator cuff tears. Several factors related to study 
populations and individual study subjects may have contributed to these differences. 
Firstly, prevalences may differ between study populations because of racial differences and 
differences in work- and leisure-time-related demands on the shoulder. Our study was 
performed on subjects taken from the urban Norwegian population, most of whom had not 
been exposed to heavy demands on the shoulder, and the validity of our results is limited to 
comparable settings. 
 
Secondly, the validity of study results depends on the inclusion of only true asymptomatic 
shoulders into the study sample. Whether a shoulder is and has been asymptomatic, 
however, has to be based on the subject’s self-evaluation. Even if self-report of shoulder 
function is supplemented by more objective measures like pain-free ROM and shoulder 
strength, patient selection may be affected by recall bias. Study subjects may forget or 
neglect earlier periods of shoulder pain and dysfunction, and previously symptomatic 
rotator cuff tears may consequently be included. 
 
Thirdly, the shoulder is a paired organ and the condition of the contralateral shoulder may 
be of interest. In study IV, contrary to many earlier studies (49;50;145), we also included 
120 subjects who presented with only one asymptomatic shoulder. Exclusion of these 
subjects from analysis would have resulted in selection bias, as they represent an important 
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part of the general population and may have a tear in their true asymptomatic study 
shoulder. Not including these subjects in the analysis would have restricted the 
generalizability of our findings to persons with bilateral asymptomatic shoulders only. On 
the other hand, self-evaluation of the study shoulder in these cases may be biased by pain 
on the other side. These subjects may compare their two shoulders and tend to overlook 
minor symptoms in the study shoulder as they experience it as having fewer problems than 
the reference shoulder. Again, this could lead to the inclusion of symptomatic shoulders in 
the sample.  
 
Paper V 
In Paper V, cases (symptomatic rotator cuff tears) and controls (asymptomatic rotator cuff 
tears) were compared retrospectively for certain predictive factors for symptoms of a 
rotator cuff tear diagnosed on MRI. The creation of valid case and control groups is 
challenging in this type of observational study. Ideally, the cases should be a random 
sample of all subjects with a symptomatic rotator cuff tear. All our cases, however, were 
referred by general practitioners for secondary care treatment, which means that they 
represent a selection of patients who were unresponsive to primary health care treatment. 
Thus they could represent cases with larger tear sizes or higher degrees of muscle atrophy 
and degeneration (selection bias).   
 
Methods 
Paper IV 
Paper IV presents a cross-sectional study. It was designed to avoid methodological 
weaknesses that could have influenced the results of previous studies. Sonography was 
performed by an examiner with documented experience of more than 2 000 sonographic 
examinations of painful shoulders and who had published results showing a diagnostic 
sensitivity of 97% and a diagnostic specificity of 100% for the sonographic detection of 
full-thickness rotator cuff tears. The sonographic equipment was of high quality, including 
a transducer frequency ranging from 7 to 12 MHz and use of tissue harmonic imaging. 
Control of sonographic findings by MRI was performed in a large number of subjects to 
assess the validity of the sonographic results. Finally, a sample size exceeding that of 
earlier studies was chosen, and balance in the three age groups was achieved by 
proportionate stratification.  
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Paper V 
This paper presents a case-control study. A power analysis showed that a sample size of 50 
cases and controls was needed. Thirty controls were found during the prevalence study 
(Paper IV) and the group of controls had to be enlarged by adding subjects referred to our 
outpatient clinics for unilateral shoulder problems in whom bilateral examination showed 
an asymptomatic contralateral rotator cuff tear. Thus the controls consisted of two 
subgroups who differed with regard to the condition of the contralateral shoulder. As all 
presented with a true asymptomatic index shoulder, it was considered acceptable to include 
them in the control group, and subgroup analysis was initially not planned. However, the 
results showed larger differences in prognostic values between bilateral asymptomatic 
controls and cases than between unilateral asymptomatic controls and cases. As existing 
knowledge about the characteristics of asymptomatic rotator cuff tears is partly based on 
results from studies that include subjects with unilateral asymptomatic shoulders only, this 
is important information (176;179).  Given the insufficient sample sizes in our two 
asymptomatic subgroups, the finding must be regarded as a secondary result only, and 
requires further exploration. 
   
The predictor variables in Paper V were selected on the basis of existing knowledge about 
their potential influence on symptoms from rotator cuff tears (176;179-182). We 
hypothesized positive associations between a larger tear size, an anterior tear location, the 
presence of a biceps tendon tear, and severe atrophy or fatty degeneration on one side, and 
symptoms from the rotator cuff tear on the other. Predictor variables were graded on the 
basis of MRI findings, which can be influenced by measurement error and 
misclassification. For most of the potential prognostic factors used in our study, however, 
earlier research has shown high reliability of findings from MRI compared to a reference 
standard. For tear size measurement on MRI, Bryant et al. (85) and Kluger et al. (78) found 
good interobserver agreement and good correlation to intraoperative measurement. For 
measurement of rotator cuff muscle volume, Tingart et al. (183) found intraobserver and 
interobserver variability of less than 4% for a three-dimensional reconstruction of rotator 
cuff muscle volume based on tracing of muscle contours on MRI. For grading of fatty 
muscle degeneration on MRI, Fuchs et al. (61) found good to excellent interobserver 
reproducibility, while Oh et al. (184) reported good to moderate intraobserver and 
interobserver reliability with the best results coming from experienced radiologists. 
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Results 
Paper IV 
Our finding of an age-related increase in the prevalence of rotator cuff tears in the general 
population with no shoulder problems is in good agreement with findings from earlier 
reports (49;50). Prevalences for defined age groups, however, vary widely between earlier 
studies and the true prevalence of asymptomatic tears in the general population is still 
unclear. Prevalences have been reported from cadaver studies (185-189) and from 
radiological studies using MRI (49;190-193) or sonography (47;50-52;144;145). Cadaver 
studies have the advantage of high diagnostic validity but are unable to provide clinical 
details. This means that the study sample may include symptomatic shoulders, which in 
turn could result in an exaggeration of the underlying true prevalence. The prevalence may 
be further increased by the older mean age of the cadaver samples compared with the 
general population. The prevalence reported by the majority of cadaver studies ranges from 
5% to 20% (185-189). Reports of higher values (up to 40%) are generally based on small 
samples (less than 100 shoulders), high mean ages (> 75 years) or both (194-196).  
 
Selection of true asymptomatic samples and adequate age groups is possible in radiological 
studies, and lower prevalences than in cadaver studies should be expected here. On the 
other hand, results from imaging studies may be affected by diagnostic error. Prevalences 
ranging from 6% to 34% have been reported in MRI- and sonography-based studies (47;49-
52;145). Prevalences higher than those from cadaver studies are difficult to explain. Our 
finding of a prevalence of 7.6% for a sample with a mean age of 64.8 years fits well with 
the theory that in vivo studies show a slightly lower prevalence than cadaver studies. 
Together with the result reported by Schibany et al. (51) (prevalence 6.1%, mean age 67 
years) our finding is the lowest prevalence reported for comparable age groups in 
radiologic studies. The good agreement in our study between the sonographic findings and 
findings from supplementary MRI supports the validity of the results. Differences between 
our findings and findings from other studies may be explained by methodological 
differences such as examination technique, technical equipment, examiner experience and 
diagnostic criteria, but may also reflect true prevalence differences between different 
population groups. 
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Paper V 
Little information is available about morphologic differences between asymptomatic and 
symptomatic rotator cuff tears and about the natural history of asymptomatic tears. This 
means that we lack information relevant to clinical practice, as therapeutic action should be 
directed against the symptomatic aspects of a rotator cuff tear. In earlier studies, symptoms 
from rotator cuff tears have been found to be associated with larger tear sizes (179) and 
proximal humeral migration during active arm elevation (197). In these studies, comparison 
of tear groups with and without symptoms was based on radiography or ultrasound, which 
means that muscle atrophy and degeneration could not be assessed and classified. In our 
study shoulders were examined by MRI in order to obtain results that could be analysed in 
this way. We found positive associations with symptoms from rotator cuff tears for larger 
tear sizes and for more serious degrees of muscle atrophy and fatty degeneration, the latter 
representing knew knowledge. Causal relationships between these tear characteristics and 
tear symptoms could not be established on the basis of our study, but our findings fit well 
with earlier study results. In a cross-sectional study of patients with a symptomatic rotator 
cuff tear in one shoulder and an asymptomatic tear in the other, Yamaguchi et al. found 
larger tear sizes on the symptomatic side (179). In a longitudinal study (176), the same 
authors followed asymptomatic rotator cuff tears sonographically and clinically over five 
years and found development of symptoms in 51% (23/45) and progression of tear size in 
39% (9/23) of cases. Of those who developed symptoms, 50% (7/14) showed tear size 
progression compared with 22% (2/9) in the group who did not. Consequently, if tear size 
is positively correlated to symptoms and increases over time, initially asymptomatic rotator 
cuff tears might be at risk for development of symptoms. The negative correlation between 
tear size and prognosis for a tendon repair (198) should have consequences for follow-up, 
and unrepaired tears with no symptoms, including those after successful conservative 
treatment, should be followed up clinically and by imaging so that appropriate therapeutic 
action can be taken in time. 
     
Paper V presents an early explorative study of a field about which there is currently little 
information. The aim was to generate explanatory hypotheses for the symptomatic status of 
rotator cuff tears. MRI-determined factors significantly associated with tear symptoms 
were found, but wide confidence intervals reflect the uncertainty related to our findings. 
Further exploration of these factors in different study samples, preferably with a 
longitudinal study design, is needed.    
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10. Contributions to existing knowledge 
 
Paper I  
In several fundamental studies on diagnostic sonography of the shoulder it has been stated 
that sonography is a difficult technique with a long learning curve. Our study, however, 
showed that a relatively inexperienced orthopedic surgeon achieved high accuracy in the 
diagnosis of full-thickness rotator cuff tears and biceps tendon pathology. 
 
Paper II 
Earlier studies on the accuracy of diagnostic shoulder sonography have been criticized for 
the potential influence of verification bias on study results (199). We tried to avoid such 
bias by blinding the sonographer to clinical findings and the surgeon to sonographic 
findings, and found a sensitivity and specificity for sonographic diagnosis of full-thickness 
rotator cuff tears comparable to those from unblinded designs. 
 
Paper III 
Non-operative treatment by physiotherapy and operative treatment by tendon repair are 
central to the treatment of full-thickness rotator cuff tears. Up to now the effectiveness of 
these treatment methods has been assessed in case studies only, which has made it difficult 
to assess whether either of these treatments is superior to the other. To our knowledge, 
Paper III presents the first published study with a randomized controlled design that 
compares the results of the two treatment methods. At one-year follow-up we found a 
greater increase in study-scores after operative treatment. 
 
Paper IV 
In vivo examinations of asymptomatic shoulders have been performed by MRI and 
sonography to assess the prevalence of asymptomatic rotator cuff tears in the general 
population. In contrast to the results from earlier studies, we found a low prevalence of 
asymptomatic tears of only 7.6%, in the age group 50-79 years. This may indicate a lower 
occurrence of these tears than has previously been assumed, at least in some population 
groups. 
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Paper V 
The reason why some rotator cuff tears are asymptomatic while others cause symptoms is 
still unknown, but differences in MRI-determined tear characteristics are a possible 
explanation. Our finding of a difference in tear size between symptomatic and 
asymptomatic rotator cuff tears confirms those of earlier studies. However, the finding of 
between-group differences in the degree of fatty degeneration and muscle atrophy in our 
study has not previously been reported.    
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11. Future research 
 
Diagnostic studies 
The majority of studies assessing the diagnostic accuracy of sonography for the detection 
of rotator cuff tears have been performed on groups of secondary care patients for whom 
surgical treatment was indicated. Future studies should include the large group of shoulder 
patients who are treated in primary health care or who are successfully treated by non-
operative methods. These patients may represent a low-prevalence group for rotator cuff 
tears, and the diagnostic accuracy of sonography for such samples has still to be 
demonstrated. As it would be unethical to perform surgery on these patients, a less invasive 
reference test (MR arthrography?) will have to be used. The cost-effectiveness of 
sonography as compared with alternative methods like MRI should also be addressed. 
 
Therapeutic studies 
Few high-quality trials have yet been conducted comparing frequently used treatment 
methods for rotator cuff tears. Our randomized study comparing tendon repair with 
physiotherapy should be followed-up by similar studies on different population groups and 
by multi-centre studies. Given the short-term follow-up of only one year our results cannot 
be used as a basis for firm therapeutic conclusions. Medium- and long-term follow-ups are 
necessary and are currently being conducted. 
 
Asymptomatic rotator cuff tears 
Differences in characteristics between symptomatic and asymptomatic rotator cuff tears 
have been detected in several studies, but no causal relationship between these 
characteristics and symptoms from a tear has been established. Longitudinal studies are 
needed to investigate this question. As asymptomatic rotator cuff tears can be followed up 
without being influenced by therapeutic measures, longitudinal studies would provide 
insight into the natural course of the condition. Longitudinal follow-up would show 
whether these tears remain asymptomatic over time and whether changes in tear 
characteristics result in development of symptoms. A three-year clinical, sonographic and 
MRI follow-up of our asymptomatic tear group is currently being conducted.      
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Background and purpose   Why some full-thickness rotator cuff 
tears are symptomatic and others are asymptomatic is not under-
stood. By comparing MRI ﬁndings in symptomatic and asymp-
tomatic tears, we wanted to identify any tear characteristics that 
differed between groups. 
Patients and methods   50 subjects with asymptomatic and 50 
subjects with symptomatic full-thickness tears were examined by 
MRI. Tear characteristics including tear size, tear location, the 
condition of the long head of the biceps, atrophy, and fatty degen-
eration of the muscles were compared between groups. 
Results   Single factor logistic regression analysis showed that 
there were statistically signiﬁcant associations between symptoms 
and tear size exceeding 3 cm in the medial-lateral plane, positive 
tangent sign, and fatty degeneration exceeding grade 1 of the 
supraspinatus and infraspinatus muscles. 
Interpretation   We found associations between the symptom-
atic status of a rotator cuff tear and MRI-derived tear character-
istics. The causal relationships are unclear.
 ■
 
Asymptomatic full-thickness tears of the rotator cuff have 
been detected in sonographic (Tempelhof et al. 1999, Wor-
land et al. 2003, Schibany et al. 2004, Moosmayer et al. 2009) 
and MRI screening studies (Sher et al. 1995) of individuals 
with no shoulder problems, and in cadaver studies (Cotton and 
Rideout 1964, Ozaki et al. 1988). Reported prevalences vary 
from 6% to 34%, and increase with age. Why these tears are 
asymptomatic while others cause shoulder pain and dysfunc-
tion is not understood. Differences in tear anatomy and shoul-
der kinematics may be suspected, but have not been detected 
to date. Few comparative studies have been performed, and on 
small patient groups only (Yamaguchi et al. 2000, Hirano et al. 
2006). Based on clinical judgement, we selected MRI-deriv-
able factors with potential importance for tear symptomatics. 
MRI is widely accepted as a diagnostic tool in imaging of the 
shoulder. It has shown high diagnostic validity for the detec-
tion of full-thickness rotator cuff tears (Ianotti et al. 1991, 
Teefey et al. 2004) and for the description of tear characteris-
tics such as tear size and location (Bryant et al. 2002, Kluger 
et al. 2003), muscle atrophy, fatty degeneration (Thomazeau et 
al. 1996, Zanetti et al. 1998a, Fuchs et al. 1999), and involve-
ment of the biceps tendon (Zanetti et al. 1998b). Our hypoth-
esis was that morphological tear characteristics would differ 
between patients with symptomatic and asymptomatic tears, 
and that these differences would be detectable by MRI. Such 
information might lead to a better understanding of factors 
that are important in the development of symptoms in full-
thickness tears of the rotator cuff.
Patients and methods
Our study protocol was approved by our regional health ethics 
board (no. 288-05082) and informed consent was obtained 
from study subjects before examination. From September 
2005 through January 2008, 50 shoulders with asymptomatic 
and 50 shoulders with symptomatic full-thickness tears of 
the rotator cuff were included. Criteria for inclusion into the 
asymptomatic group consisted of a history involving no ear-
lier or acute shoulder pain, normal shoulder function, normal 
physical examination ﬁndings, a result of at least 90 points in 
the self-report section of the American Shoulder and Elbow 
Surgeons form (ASES) (Richards et al. 1994), and a full-
thickness rotator cuff tear demonstrated at both sonography 
and MRI. The choice of a cut-off point of 90 on the ASES 
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scale was based on age-related baseline values from studies of 
individuals with no history of shoulder problems (Sallay and 
Reed 2003, Thomas et al. 2003). In subjects presenting with 
bilateral asymptomatic tears, only one shoulder was included 
in the study.
Thirty individuals who fulﬁlled our inclusion criteria 
regarding at least one shoulder were found during a study of 
the prevalence of asymptomatic rotator cuff tears (Moosmayer 
et al. 2009). In this study, clinical and sonographic screen-
ing supplemented with MRI was performed on asymptomatic 
subjects who had been treated earlier at our hospital for minor 
orthopedic conditions unrelated to the shoulder. The remain-
ing 20 asymptomatic tears were found among present outpa-
tients referred to our hospital for a history of earlier or acute 
unilateral shoulder pain, and where bilateral clinical, sono-
graphic, and MR examination showed an asymptomatic rota-
tor cuff tear in the pain-free contralateral shoulder. 
Consequently, subjects in the asymptomatic tear group dif-
fered with respect to the condition of the contralateral shoul-
der, and comparison between the asymptomatic and the symp-
tomatic tear groups was supplemented by comparing each of 
the two asymptomatic subgroups (with or without pain con-
tralaterally) to the symptomatic tear group.
Criteria of inclusion into the symptomatic tear group con-
sisted of a history of atraumatic shoulder pain, physical exam-
ination ﬁndings typical of a rotator cuff tear, and a full-thick-
ness tear as detected by sonography and MRI. In patients with 
bilateral rotator cuff tears, only one of the shoulders was used 
for study analysis. Patients with other local or systemic dis-
eases affecting shoulder function were excluded. 50 patients 
who were referred to our outpatient clinic and who fulﬁlled 
our criteria were included consecutively. 
Both clinical examination and sonography at baseline in 
both groups were performed by one examiner (SM). Details 
of the sonographic examination have been reported (Moos-
mayer et al. 2007). Range of motion (ROM) measurement for 
abduction, ﬂexion, and external rotation was performed with 
a goniometer. Strength was assessed in kg with a handheld 
spring balance in 90° shoulder abduction and ﬂexion. The 
“break test method” was used, in which the subject resisted 
the examiner’s downward directed force until the examiner 
overcame the subject’s isometric contraction. The average of 
2 consecutive measurements was used for data analysis. The 
ASES score was completed by all subjects. 
All MR examinations were performed on a 1.5 T scanner 
(Siemens Medical Systems, Erlangen, Germany). A dedicated 
shoulder array coil was used. The arm was placed at the side 
of the body with the thumb pointing upwards. The following 
5 sequences, all with a slice thickness of 3.5–4 mm, a 17.5- to 
18.0-cm ﬁeld of view (FOV), and one number of excitations 
(NEX) were obtained: (1) oblique sagittal T1-weighted spin 
echo (TR/TE = 513/13 ms, matrix 192 × 256), (2) oblique 
sagittal T2-weighted turbo spin echo (TSE) (TR/TE = 2930/74 
ms, matrix 218 × 256), (3) oblique coronal and (4) axial proton 
density-weighted TSE with fat saturation (TR/TE = 2800/40 
ms, matrix 230 × 256), and (5) oblique coronal dual echo TSE 
(TR/TE = 2,500/13 – 81, matrix 205 × 256). A full-thickness 
tear was diagnosed in case of a discontinuity or a gap in the 
tendon or increased signal intensity (isointense compared to 
ﬂuid) on T2-weighted images, extending from the articular to 
the bursal surface of the tendon (Ianotti et al. 1991).
MRI data were stored on a picture-archiving and commu-
nication system (PACS) workstation and the provider’s image 
analysis software was used for review of images. Studies from 
asymptomatic and symptomatic rotator cuff tears were ran-
domly mixed and independently evaluated by 2 experienced 
musculoskeletal radiologists (RT and MGS). The radiologists 
were blinded regarding previous clinical and radiological ﬁn-
dings. Differing results were discussed between the radiolo-
gists in order to reach a consensus.
Selection of MRI-derivable variables for further analysis 
was performed on the basis of clinical judgement and exist-
ing knowledge about their potential inﬂuence on symptoms 
from rotator cuff tears (Burkhart 1993, Thompson et al. 1996, 
Yamaguchi et al. 2001 and 2006, Kedgley et al. 2007). We 
hypothesized that there was a positive correlation between 
tear size, superior-anterior tear location, a biceps tendon tear, 
severe atrophy or fatty degeneration, and symptoms from a 
rotator cuff tear. 
Maximum tear size on MRI was measured in oblique-sagit-
tal and oblique-coronal planes. Tears were classiﬁed as being 
small/medium (up to 3 cm) or large/massive (exceeding 3 cm). 
Measurement was performed along a straight line, visualizing 
the distance between the margins of the tear (oblique sagittal 
plane) or between the margin of the tear and the lateral edge of 
the humeral articular surface (oblique coronal plane) (Teefey 
et al. 2004). Transition areas with markedly increased signal 
intensity compared to normal cuff tissue were included in the 
tear size.
The location of the tear (with tendon involved) was deter-
mined in the oblique sagittal plane as being superior-anterior 
(affecting the supraspinatus together with the rotator interval 
and/or the subscapularis) or superior-posterior (affecting the 
supraspinatus with or without extension into the infraspina-
tus). 
The long head of the biceps muscle was classiﬁed as being 
intact or torn. A tear was diagnosed if the tendon could not 
be identiﬁed within the intertubercular sulcus or at any other 
place in the joint (Zanetti et al. 1998b).
Atrophy of the supraspinatus muscle was assessed by cal-
culating the occupational ratio of the fossa (Thomazeau et al. 
1996) and from the tangent sign (Zanetti et al. 1998a). Analy-
ses were performed on the most lateral image of the oblique 
sagittal T1-weighted series, on which the scapular spine was 
in contact with the scapular body (Y-shaped view). Cross-sec-
tional areas (CSAs; in cm2) of the supraspinatus muscle and 
of the supraspinatus fossa were determined by tracing the con-
tour of each region, using the manufacturer’s image analysis 
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software. The occupational ratio was calculated by dividing 
the CSA of the supraspinatus muscle by the CSA of the fossa. 
Tears were classiﬁed into groups with ratios below 0.4 (grade 
3, indicating severe atrophy) or ratios of 0.4 and more (grade 
1 or 2, indicating no or moderate atrophy).
For analysis of the tangent sign, an additional straight line 
was drawn from the top of the coracoid process to the top of 
the spine of the scapula. The tangent sign was determined 
as being positive (indicating severe atrophy) if the superior 
border of the muscle was below the tangent line, and as being 
negative if the muscle belly and tangent line intersected.
Assessment of fatty degeneration of the muscles was per-
formed on the same MRI slice as the quantitative assessments, 
according to the classiﬁcation of Goutaillier et al. (1994). 
Originally, this classiﬁcation was described for CT scanning, 
but has been shown to be reproducible on MRI (Fuchs et al. 
1999). Fatty degeneration of each of the muscle bellies of the 
supraspinatus, infraspinatus, and subscapularis was classiﬁed 
as low (grade 0 = no fat, or 1 = some fatty streaks) or as severe 
(grades 2–4). To differentiate localized fatty degeneration 
of the rotator cuff from generalized, constitutional muscular 
degeneration, the teres major muscle was used as a reference. 
This muscle was chosen because it could be evaluated on our 
reference slice for the rotator cuff muscles and it differs from 
the rotator cuff by its function and innervation.
Statistics
Sample size calculation was performed for an expected low 
proportion of 0.15 in the asymptomatic group for tear char-
acteristics that we assumed to be associated with symptoms. 
We wanted to be able to detect a 4-fold higher odds of being 
symptomatic (OR = 4) for subjects presenting the tear charac-
teristics on MRI. To achieve a signiﬁcance level of 0.05 and a 
power of 0.8, a sample size of 43 subjects in each group would 
be necessary. 
Demographic and clinical data at inclusion were com-
pared between groups by t-tests or Mann-Whitney U tests for 
continuous parameters and chi-squared tests for categorical 
parameters. The age of the subject at inclusion was consid-
ered to be a confounder, and all logistic regression analyses 
were performed while adjusting for age. Associations between 
MRI-derived variables (independent factors) and tear group 
(dependent factor) were tested by logistic regression. Single-
factor analyses were performed between the main groups, and 
odds ratios, 95% CI, and p-values are given. Subsequently, 
single-factor analyses were performed separately between the 
2 asymptomatic subgroups and the symptomatic tear group. 
Results
For demographic data, with the exception of mean subject age, 
no statistically signiﬁcant baseline differences were found. 
Difference in mean age was 5 years (95% CI: 1.8–9.0), the 
higher mean age being in the asymptomatic group (Table 1). 
As a consequence of our selection criteria for the 2 groups, 
there was a statistically signiﬁcant difference in clinical data 
between the symptomatic subjects and the asymptomatic sub-
jects (Table 2). 
Of the subjects with an asymptomatic tear in the index 
shoulder, 22 had a painful contralateral shoulder and consti-
tuted the ﬁrst asymptomatic subgroup (subgroup 1) whereas 
28 subjects had no pain contralaterally and they formed the 
second asymptomatic subgroup (subgroup 2).
Primary study result (Table 3)
In single-factor, age-adjusted logistic regression analysis, 
ﬁndings that were signiﬁcantly associated with symptoms 
from rotator cuff tears were (1) tear size exceeding 3 cm in 
the medial-lateral plane (OR = 4, meaning that subjects with 
rotator cuff tears exceeding 3 cm in the medial-lateral plane 
had 4-times higher odds of having symptoms than subjects 
with smaller tears), (2) positive tangent sign (OR = 3), and (3) 
severe degree (grade 2–4) of fatty degeneration in the supra-
Table 1. Demographic data at inclusion
 Symptomatic  Asymptomatic p-value
 tears tears 
No. of study subjects 50 50 
Age, years a 64 (10) 69 (7.9) 0.004
Sex (M/F) b 32/18 31/19 1.0
Affected side (R/L) b 36/14 31/19 0.4
Tear on dominant/non-dominant
  side b 35/15 30/20 0.4
Contralateral shoulder (AS/S) b  32/18 28/22 0.3
Shoulder demanding activities in 
  work, sports, leisure time (Y/N) b 34/16 28/22 0.3
 
a Values are mean (SD).
b Values are given as no. of patients.
AS: asymptomatic; S: symptomatic.
Table 2. Clinical ﬁndings at inclusion
 Symptomatic Asymptomatic p-value
 tears tears
No. of study subjects 50 50 
ASES score, points a 47 (14) 97 (3.3) < 0.001
Pain free abduction, degrees a 82 (36) 176 (11) < 0.001
Pain free ﬂexion, degrees a 105 (43) 177 (5.5) < 0.001
Pain-free external rotation, 
degrees a 56 (17) 68 (11) < 0.001
Strength in abduction, kg a 4.0 (2.5) 6.6 (2.7) < 0.001
Strength in ﬂexion, kg a 4.6 (3.0) 6.6 (2.7) 0.001
Pain, VAS a 5.8 (1.6) 0.2 (0.4) < 0.001
aValues are mean (SD).
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spinatus (OR = 5) or infraspinatus (OR = 5) muscles. 
In all subjects with fatty degeneration of grade 2–4 of the 
supraspinatus or infraspinatus muscles, the teres major muscle 
(our reference muscle) appeared normal on MRI (grade 0–1), 
indicating a localized degeneration of the affected rotator cuff 
muscles only.
Secondary study result (Table 4)
We found larger ORs for all MRI-derived factors for the com-
parison between asymptomatic tear subgroup 2 and the symp-
tomatic tear group. This indicates that asymptomatic tears 
which are accompanied by a pain-free contralateral shoulder 
differ more from symptomatic tears than asymptomatic tears 
which are accompanied by a painful contralateral shoulder.
Discussion
In contrast to earlier publications, we found associations 
between the symptoms of a rotator cuff tear and the charac-
teristics of the tear. This may be explained by differences in 
study populations, study protocols, and examination tech-
niques. Yamaguchi et al. (2000) used scapular plane radio-
graphs to compare humeral kinematics during active arm ele-
vation between normal volunteers, patients with symptomatic 
rotator cuff tears, and subjects with asymptomatic tears. They 
found increased superior translation of the humeral head on 
the glenoid in both tear groups compared to the no-tear group, 
but there were no statistically signiﬁcant differences between 
the symptomatic tear group and the asymptomatic tear group. 
This may have been a consequence of having a sample size of 
only 10 subjects in each group.
Hirano et al. (2006) used indirect MR arthrography to com-
pare tear size and the amount of subacrominal-subdeltoid 
Table 3. Distributions of independent variables between symptom-
atic and asymptomatic tear groups with results from single-factor, 
age adjusted logistic regression analysis. An OR of > 1 indicates a 
positive association between the potential predictor and symptoms
 Dependent variable
 Asymp- Symp- ORa (95% CI) p-value
Independent variable tomatic tomatic
Tear size, med.–lat.
 ≤ 3 cm 39 29 4 (1.5–10) 0.007
 > 3 cm 11 21  
Tear size, ant.–post.
 ≤ 3 cm 41 40 2 (0.5–4.2) 0.5
 > 3 cm 9 10  
Tear location
 Superior-posterior 39 34 2 (0.7–4.2) 0.3
 Superior-anterior 11 16  
Biceps tendon
 No tear 41 41 1 (0.4–3.5) 0.7
 Tear 9 9  
Muscle atrophyb
 Grade 1 or 2 36 31  2 (0.9–5.5) 0.09
 Grade 3 14 19
Muscle atrophy
(tangent sign)
 Negative 42 36 3 (1.1–9.0) 0.04
 Positive 8 14  
Fatty atrophy SSPc 
 Grade 0–1 41 31 5 (1.6–13) 0.004
 Grade 2–4 9 19  
Fatty atrophy ISPc   
 Grade 0–1 44 35 5 (1.5–14) 0.009
 Grade 2–4 6 15
Fatty atrophy SSCc   
 Grade 0–1 45 41 2 (0.6–7.3) 0.2
 Grade 2–4 5 9
a
 age-adjusted odds ratios.
b
 grading according to Thomazeau et al. (1996).
c
 grading according to Goutallier et al. (1994). 
CI: conﬁdence interval; 
SSP: supraspinatus muscle;
ISP: infraspinatus muscle; 
SSC: subscapularis muscle.
Table 4. Results from single-factor, age-adjusted logistic regres-
sion analysis from the comparison between asymptomatic tear 
subgroups 1 and 2 and the symptomatic tear group. An OR of > 1 
indicates a positive association between the potential predictor and 
symptoms. Values are OR c (95% conﬁdence interval) and p-value 
 Asymptomatic Asymptomatic
 subgroup 1a subgroup 2b
 (n = 22) (n = 28)
 vs. vs.
 Symptomatic Symptomatic
 tear group tear group
 (n = 50) (n = 50)
Tear size, med.-lat. 3 (1.0–12) 5 (1.5–19)
≤ 3 cm vs. > 3 cm 0.05 0.008
Tear size, ant.-post.  1 (0.4–5.0) 2 (0.5–5.8)
≤ 3 cm vs. > 3 cm 0.6 0.5
Tear location,  1 (0.4–3.9) 2 (0.7–7.7)
sup.-ant. vs. sup.-post.  0.7 0.2
Biceps tendon tear, 1 (0.2–2.2) 3 (0.6–11)
tear vs. no tear 0.5 0.2
Muscle atrophyd 1 (0.4–3.3) 5 (1.4–17)
≤ vs. > grade 2 0.8 0.01
Muscle atrophy 1 (0.4–4.5) 13 (2.3–74)
pos. vs. neg. tangent sign 0.6 0.004
Fatty atrophy SSPe  2 (0.6–5.9) 24 (3.9–143)
 ≤ vs. > grade 1 0.3 0.001
Fatty atrophy ISPe 4 (0.9–15)  5 (1.3–23)
≤ vs. > grade 1 0.08 0.02
Fatty atrophy SSCe 2 (0.4–12) 3 (0.6–12) 
≤ vs. > grade 1 0.4 0.2
a
 asymptomatic tear in the index shoulder, pain in the contralateral 
  shoulder.
b
 asymptomatic tear in the index shoulder, no pain in the contra-
  lateral shoulder.
c
 age-adjusted odds ratio.
d
 grading according to Thomazeau et al. (1996).
e
 grading according to Goutallier et al. (1994). 
  SSP: supraspinatus muscle; 
  ISP: infraspinatus muscle; 
  SSC: subscapularis muscle.
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bursal ﬂuid in 15 asymptomatic and 23 symptomatic rotator 
cuff tears. The ﬁndings were similar in the two groups, but 
the majority of the study population had partial-thickness tears 
and analysis of muscle atrophy and degeneration was not part 
of the study protocol.
In our study, we selected tear characteristics as demon-
strated on MRI for analysis. On the basis of existing knowl-
edge, we considered these characteristics to be potential pre-
dictors of the symptomatic status of rotator cuff tears. Tear 
size was included according to the ﬁndings of Yamaguchi et 
al. (2001) who, in a longitudinal study, followed asymptom-
atic tears sonographically and clinically over 5 years. Symp-
toms developed in 23 of 45 cases and there was progression of 
tear size in 9 of 23 cases. Of those who became symptomatic, 
7 of 14 showed tear size progression, compared to 2 of 9 in the 
group that remained asymptomatic. In a recent cross-sectional 
study, Yamaguchi et al. (2006) examined tear sizes by sonog-
raphy in 82 patients with a symptomatic rotator cuff tear in 
one shoulder and an asymptomatic tear in the other. He found 
larger tear sizes in the symptomatic shoulders, with a mean 
difference between groups of 5.4 mm. Our ﬁnding of a posi-
tive association between tear size in the medial-lateral plane 
and symptoms of a rotator cuff tear is therefore in good agree-
ment with the ﬁndings of Yamaguchi et al. (2001, 2006).
We selected atrophy and fatty degeneration of the rotator 
cuff muscles as potential predictors of pain from a rotator 
cuff tear, on the basis of the idea of an anatomically deﬁcient 
but functionally sound rotator cuff, as described by Burkhart 
(1993). According to a suspension bridge model, tears located 
within the area deﬁned by the rotator cable (crescent area) 
might be less at risk of development of serious muscle dystro-
phy as force transfer from the muscles to the greater tuberosity 
will be possible through the cable. Consequently, tears of the 
supraspinatus and parts of the infraspinatus that are bypassed 
by an intact cable will have a lower risk of development of 
muscle atrophy and fatty degeneration. These muscles will still 
contribute as humeral depressors, and thus prevent impinge-
ment and pain. Our ﬁndings of lower frequencies of serious 
supra- and infraspinatus muscle atrophy and fatty degenera-
tion in the asymptomatic tear group support this hypothesis. 
The pathological long head of the biceps muscle has been 
proposed as a source of pain in patients with a rotator cuff tear 
(Szabó et al. 2008). We classiﬁed the biceps tendon only into 
torn or not torn, and based on this classiﬁcation we found no 
differences between the groups. Pain from the biceps tendon 
is usually related to conditions such as tendonitis, delamina-
tion, subluxation, or dislocation, but these conditions were not 
registered in our study.
Both in the symptomatic tear group and the asymptomatic 
tear group, only one shoulder per subject was included. In sub-
jects where both shoulders fulﬁlled our criteria for inclusion, 
the shoulder that (by chance) was examined ﬁrst was included 
in the study. This was done to perform statistical analyses on 
the basis of independent observations. 
We identiﬁed subject age as a confounder and all regres-
sion analyses were performed while controlling for age. This 
had to be done because subject age was associated with inde-
pendent factors (older subjects had larger tear sizes, higher 
degrees of atrophy, and fatty degeneration) and with the 
dependent factor, and, at the same time, differed at baseline 
between groups (with higher mean age in the asymptomatic 
group). Not controlling for age would have led to confounding 
bias, and would have masked the positive associations found 
in this study.
Even though all tears included in the asymptomatic group 
represented true asymptomatic tears according to our inclu-
sion criteria, and should thus reﬂect typical characteristics of 
the condition, they differed with respect to the status of the 
contralateral shoulder. One might argue that by comparing 
their two shoulders, subjects with pain contralaterally might 
tend to overlook minor symptoms in their index shoulder, 
as they experience this shoulder as being much better than 
the reference shoulder. This argument may be supported by 
our ﬁndings from subgroup analyses. Greater differences, as 
expressed by ORs, were found for MRI-derived tear charac-
teristics between the symptomatic tear group and the subgroup 
with an asymptomatic tear in the index shoulder together with 
a pain-free contralateral shoulder. This is important, as exist-
ing evidence in the ﬁeld is partly based on results from studies 
exclusively involving subjects with pain in the contralateral 
shoulder (Yamaguchi et al. 2001, 2006).
Despite the associations we found between MRI-derived 
tear characteristics and tear symptoms, the clinical value of 
these ﬁndings is limited. The cross-sectional design of our 
study does not permit establishment of any causal relationships 
between independent and dependent variables. On the other 
hand, our ﬁndings ﬁt well with existing knowledge about the 
negative effect of increasing tear size and decreasing muscle 
quality on physiological shoulder kinematics (Thompson et 
al. 1996, Kedgley et al. 2007). Our results should mainly be 
used as a basis for future research. The question of whether 
the positive associations found in our study reﬂect a causal 
relationship should be investigated in longitudinal studies.
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Page 8: Paper V: "MRI of symptomatic and asymptomatic full-thickness rotator cuff tears: 
comparison of findings. Acta Orthop 2010;81(3):x-x, accepted" was corrected to: "MRI of 
symptomatic and asymptomatic full-thickness rotator cuff tears: A comparison of findings. 
Acta Orthop 2010;81:361-6. 
 
Page 10, line 1/2: "...varying from 16 mm to 20 mm. (3-5)." The full stop after 20 mm was 
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